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SYNOPSIS 


The concept of Cornputerized Toinography (CT) has been 
successfully applied in the areas of diagnostic radiology and 
non -destructive testing. Research continues in the CT area 
towards the development of more efficient CT machines and 
reconstruction algorithms so as to further improve the quality 
of reconstructed images. In this regard, a theoretical analysis 
of various errors in the reconstruction process becomes extremely 
important . 

Various algorithms for CT reconstruction have been 
reported in literature, e.g.. Direct Fourier Inversion, Convol- 
ution Backproj ection (CBP), ART, SIRT, etc. Of the numerous 
methods reported, the CBP algorithm has been used widely as it 
is efficient, reasonably accurate, and easy to use. Some error 
estimates for this CBP algorithm have been developed by Natter er. 
These estimates incorporate the assumption of the cross section 
(being imaged) having an essentially band -limited projection data 

Generally, cross sections have a finite support and, 
hence, the projection data is necessarily not band -limited . 
Nevertheless, due to a finite frequency cut-off, R^, incorpor- 
ated in the implementation of the CBP method, the approximation 
obtained is band -limited . The present thesis deals with this 
inherent error, e^^, in the CBP approximation arising due to this 
band limiting aspect. Some direct and inverse results pertaining 
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to e have been established. The analysis assumes perfect 
R 

(noise -free) data, and a continuous implementation of the 
convolution and backproj ection integrals. A practical 
implementation of the CBP algorithm will introduce, apart 

from e , the discretization errors (studied by Natterer) 

R 

arising due to discrete implementation of the convolution 
and backproj ection integrals. Numerical experiments were 
carried out on cross sections simulating a damaged nuclear 
fuel bundle and a cancerous human brain. 

The main results of the thesis are as follows: 

(a) If the convolution and the backproj ection steps are 
properly discretized, then an arbitrary continuous 
cross section can be reconstructed using a suffi- 
ciently large Fourier cut-off frequency. 

(b) The quality of the reconstructed image is essentially 
governed by the flatness of the window function in 
the neighbourhood of origin. 

(c) The point wise inherent error, e , depends on the 

R 

radial smoothness of the cross section at the point 
under consideration. 

A chapterwise summary of the thesis is as follows : 
Chapter 1 contains a brief outline of the development 
of the theory of CT starting from Radon ^ s original work of 1917. 
The convolution backproj ection (CBP) algorithm is briefly 
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described and the window functions are introduced. Some of 
the previous works of Bracewell and Riddle, Ramachandran 
and Lakshminarayanan, Shepp and Logan, and Herman and 
Naparstek are recalled. Some estimates of the discretiza- 
tion errors developed by Natterer have been summarised. 


In Chapter 2 'circular' Sobolev spaces ^2m' ^ ^ 


positive integer, and related interpolation spaces Q 


e 

2m' 


0<g.<2m,are introduced. These spaces, used subsequently 

in Chapters 3 and 4, are defined with the help of certain 

radially-averaged (RADAV) derivatives, D . These 

r , ^ 

derivatives are also used to define the moduli of smoothness, 

(f 6) which serve to classify the smoothness proper- 
ties of the cross sections. Also defined here is a class 
'^2m radially symmetric kernel functions K(r) 

possessing certain smoothness and integrability require- 
ments. The parallel beam tomographic inversion formula is 
shown to be a two dimensional convolution of the cross section 
f, with a radially symmetric kernel K(r) belonging to l^2Tn' 

The kernels corresponding to the popular functions, e.g., 
the sine, cosine and generalized hamming windows, are shown 
to belong to 1 ^ 2 ^ where m equals 1. 


In Chapter 3 some direct results pertaining to e 
are established. Some of these results estimate e in terms 

X\ 


of CO (f 
c 


M 


; 6) , and the Fourier frequency cut-off, R 


A pointwise asymptotic formula (for e ) is derived- It 

R 


f 





APPENDIX C 



xi\ 


involves the RADAV derivatives, D f (X) , of the cross section 

r, 5 

f at the point X. An e_ -error estimate is also obtained for 

K. 

functions belonging to the class ^2Tn" last result to this 

chapter, a localization lemma, shows the essential reconstru- 
ction equivalence of two different kernels which agree in the 
neighbourhood of origin. 


Chapter 4, the kernel of the. thesis, is devoted to the 
following inverse problem: 

— 6 

For what cross section f, the error e^ is O (R ^) , where 

R c 

0< 3< 2m? It is proved, herein, that such cross sections f 


are precisely the members of the interpolation space , 

— 6 

i.e., e is 0 (R ^) , 0 < B< 2m, if and only if, f belongs to 

H C 

Q ^ 

2m 


Chapter 5 summarises the results of reconstructions 
performed using a discrete implementation of the CBP algorithm. 
Test runs were carried out on a unit pixel. A damaged nuclear 
fuel bundle was simulated and reconstruction experiments were 
carried out for several windows and varying values of R^. The 
number of data rays and projection views were linked to R^ as 
per the sampling criterion and the optimality criterion. A 
relatively smooth image representing a cancerous human-brain 
was also processed by the CBP algorithm. The error measures 
chosen in the study represented the overall l^,l 2 / sup, and 
inf errors in the region of interest. The summary of errors 
reveals that for a fixed window the overall error for both 
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the iTTiages Is approxiniately 0{1/R^). 

Chapter 6 incorporates a brief discussion of the 
numerical results from the viewpoint of the image quality, 
the choice of appropriate error measures, and the smoothness 
aspect of the images used in the study. 
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CHAPTER 1 
INTRODUCTION 


1.1 Overview 

The development of imaging systems based on the 
concept of Computerized Tomography (CT) has revolutionized 
the area of diagnostic radiology and non-destructive testing 
CNDT) . The present day CT scanners are capable of dete- 
cting cancerous tissues at a very early stage which had not 
been the case with the usual X-ray machines. The CT method- 
ology aims at 'reconstructing' the cross section (object 
function) of interest, from the 'projection' data taken 
by the CT machine. The physics and the mathematics of CT 
upto year 1986 has been covered in the works of Herman [ l], 
Natterer [2] and Deans [3] . A careful study of the liter- 
ature reveals the existence of several algorithms developed 
for reconstruction of two dimensional functions from their 
projection data. One such method is the convolution 
backprojection (CBP) algorithm which is used widely in 
various areas. The CBP algorithm has proved itself to 
be fast, relatively efficient, and easy to implement, thus 
making it quite' attractive and competitive compared to 
various other methods reported in literature. 
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In the present work, an attempt is made towards the 
development of some error estimates for the CBP method. 

Such theoretical understanding, of the various errors 
involved in the reconstruction process, becomes quite 
important in studying the interplay of various parameters 
related to the design of the CT machine, and, the imple- 
mentation aspect of the CT algorithm. 

Ibr perfect (noise-free) data, the major sources of 
error in the CBP algorithm may be characterized as, 

(i) the inherent error, e , 

rv 

(ii) the convolution discretization error, e^, and 

(iii) the backproj ection discretization error, e„. 

B 

These errors have been described in detail in Section 2.1. 

For cross sections having a band-limited projection 

data, using an appropriate convolving function (e.g. 

band limited), the inherent error, e , could be made zero. 

R 

However, cross sections generally have a finite support 
and, hence, the projection data is necessarily not band- 
limited. Nevertheless, due to a finite Fourier frequency 
cut-off, R^, incorporated in the implementation of the 
CBP method, the approximation obtained is band limited. 

The inherent error, e , arises due to this band-limiting 

R 

aspect. 



The present thesis deals with this error, e , 
for the CBP algorithm. The estimates and the pointwise 
asymptotic formula developed in this work involve e , 
the smoothness of the cross section (function) at the 
point of interest, the Fourier cut-off frequency, and 
certain derivatives of the 'window' functions. An 
inverse theorem associates a precise order of approxi- 
mation error, e^, for functions belonging to a certain 
smoothness class. 

1*2 Brief Summery of A Few Related Works 

The first inversion formula to calculate a two 
dimensional function f from its line integrals owes its 
origin to the work of Badon [ 4 ] published in the year 
1917. It is given by, 

- “ . dF ( s) 

f(x) = - i (1-1) 

where, 

F^Csl = ~ p(0, X.0 + s) d0 (1.2) 

S 

and, 

p(0,sl = ^ X _ f (x) dx (1.3) 

We note that p is the "project ion -data" which is a set 
of integrals along the lines perpendicular to 0 with 
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(signed) distance s from the origin. Here 0 e and 
sElR^. Figxire (1.1) shows the geometry of data-collection 
incorporated in Equations (1.1) to (1.3). This arrange- 
ment of source-detector systems is referred to as 
'parallel-beam' geometry. 

Herman and Naparstek [b] derived the inversion formula 
for a 'fan-beam' geometry in which a single rotating source 
is sufficient for an outer ring of stationary detectors (See 
Fig. 1.2). The reconstruction is achieved by the following 
equations : 

f(r,(})) = / / D g(a,3)dade (1.4) 

o -S Sin(cr' _a) 

where, 6 is the object radius. 


= tan 


-1 


. r Cos CB-t}) ) . 

'• D+r Sin(a-<i>y 


(1.5) 


0 = [ (r Cos(a-(i)))^ + (D + r Sin ( a -({>)) ^] ^^^ (1.6) 

and 

D^g(o,e) = - |-f ] . (1.7) 

Here g(a,a) is the projection data collected in the fan- 
beam mode and D is the distance of the source from the 
object-centre. A practical implementation requires 
'regularization' of the singular integral in Eq. (1.4). 



S- Source 
D -Detector 



RAY= (s,e) 
f = f(r,0) 


Fig. 1.1 Parallel beam collection geometry . 
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Source path-. 

(circular) \ /-Object 



Fig. 1.2 Fan -beam data collection geometry. 
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An alternate to the Radon Inversion Formula 
involving Fourier Transform (FT) is given by the 
Projection-Slice Theorem [ 2 ] . The theorem states 
the equivalence of, the 2-dimensional FT of the object- 
function, and, the 1-dimensional FT (w.r.t. the vari- 
able s) of the projection data, p. Symbolically, 

p(R,0) = f (R Cos0 , R Sine) (1.8) 

A 2-d Fourier inversion of the equation above leads 
to the well know tomographic formula, 

f(r,<t)) = / f p(R,0) [RjdR d 0 (1.9) 

o — “ 

where. 


p(R/0) = / p(g,0) e ds 

— 00 

Here the data-collection geometry is of parallel- 
beam type. 

In a practical implementation of Eq. (1.9), the 
factor 1 r 1 in the integrand is replaced by IrI W(R) 
where W(R) is a suitable window function. Normally, 
W(R) is an even function of R, the Fourier frequency, 
and has a compact support [ -R^, R^,! . If the frequency 
content of p is also supported in [-R , R ^,i.e., 

if p(R, 6) vanishes for IrI^ R , then the filtered 

■ ■ c 
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version, with W(R) = 1 for Re[-R^, 

~ Tr «> i2irRr Cos(0-<()) 

f(r,(})) = f f p(R,0) e 1 r1w(R) dR d0 

o — «> 

(1.9a) 

agrees with f(r,4i). In a general case the introduction of 
W(R) with a finite cut-off R^ helps in stabilizing the 
singular nature of the integral. An implementation of 
Eq. (1.9a) in the spatial domain takes the form. 


IT 00 , 

f (r,(j)) = / / p(s,0) q(s - s) ds d0 

O —00 

where, 

I 

s = r Cos (0 - (j)) 


and, 

00 i2TrRs . 

q(s) = / |r|W{R) e dR 

— 00 


(1.9b) 


( 1 . 10 ) 


The inner integral in Eq. (1.9b) is a 1-d convolution, 
while the outer integral corresponds to the backpro j ection 
operation, thus giving rise to the name 'convolution 
backproj ection ' . The CBP method is also known as the 

filtered backproj ection method indicating 'filtering' of 
the projection data, p, by the window function, W(R) . 

The practical implementation suggested by Eq. (1.9a) 
was initially carried out by Bracewell and Riddle [ 6 ] in 



radio astronomy. Ramachandran and Lakshminarayanan [?] 
described a parallel-beam implementation which took 
care of the discrete nature of data. In both of those 
works, the band-limiting window 


fl , |R|^ E^, 

lo - |R| > R,,' 


was used. 


Shepp and Logan [s] suggested the use of 'sine' 
windows given by. 


W(R) 


Sin (TrR/2R o) 
(TrR/2R^) 


|R|_<Rc 
|r|> r^ 


Several other window functions have been reported in 
literatxire [ 9 ] . We note that these windows are 

radially symmetric in the Fourier space. 


In a practical situation where the projection 

data is discrete, a recommended value of R based on 

c 

the Sampling Theorem [ 2 ] is given by. 


R^ ^ 1/(2 As) 

where As is the spacing between the data rays. 
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Error estimates for the CBP algorithm have been 
reported by Natterer [2] . The theorem states (for a 
2d function f) that the errors in the CBP scheme are 
given by , and ^ 2 ' where, 

®1 - 2 ^o (1.11) 

and, 

Mslli, (n , 1(1. «) (1-12) 

« n 

where, 

e* (f/b) 
o 

Here is the error introduced by assuming the function 

f to be "b-bandlimited" . We note that in Eqs.(l.ll) - 

(1.13) the symbols and b are the same as R and R^ of 

Eqs. (1.9) -(1.10). These errors are introduced by the 

discretization of the continuous integrals occurring in 

the inversion formula. If a function is essentially b 

* 

band-limited the term, is negligible and the error in 

CBP method is strictly due to the discretization of the 
back-projection integral. We note that in Eqs.(l.ll) - 
(1.13) it is assumed that b m and b ‘f/As, where 
the back-projection quadrature rule is exact for even 
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spherical harmonics of degree 2m and 0<i <1. Here, n 
admits an estimate of the form 0 _< ri (i, b) ._< C (i ) e~^ ^ 
provided C,X, and b are positive numbers, and b > B(i). 

Natterer [lo] has developed reconstruction error 
bounds for functions, f, belonging to certain Sobolev 
spaces, given by, 

llfll^ „ . = / (l+lRj^) (R) ldR< <» , (1.14) 

h“{IR^) Ir2 

where a is real. The reconstruction error, r, is defined 
as, 

r(o, n,e) = ^“1* <1 I *l-* 2 1 I (!J) 


where represents the bounded domain of f. 

The lower bound of r is shown to be given by, 

r(a, n,e) > (C (a, fi) ) (n-"/^ + 1/2).^ (1.16) 


s| iRf^-Pl In -5 e- 


^i! I h“ (n) - ^ - 1^2, 

o 

for some p} . (1.15) 


Here the projection data p consists of n line integrals 
with a root mean square error e , and C is a constant. 

R^ represents the true projection data for the function f. 
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1.3 Some Non -Medica l A’p'pllc a t ions o f CT 

The most extensive use of CT scanners has been in 
the medical diagnostics area where CT images are instru- 
mental in detecting cancerous tissues at a very early 
stage. The tremendous impact of CT in this area is 
evident by the awarding of the Nobel Prize (for the year 
1979) to Hounsfield [ll] and Cormack [l2] . The Journal 
of Computerized Tomography is exclusively devoted to the 
medical imaging aspect of CT. 

CT has been used in a completely different context 
by Kershaw [ 13 ] , and more recently by Munshi [ 14 ] for 
determining densities in fluid-flows. The results of 
reconstructions (using CBP algorithms) for two-phase air- 
water flows have been reported by Kulacki et al [l5], 

De Vuono et al [l6], Schlosser et al [l7], Seshadri et al 
[ 18 ] and Munshi et al [ 19] . Recently, tomographic 

algorithms suited for radially symmetric flow distri- 
butions have been developed by Rathore et al [20,21,22 ] . 

As mentioned in the earlier section, CT is being 
used in the nuclear industry for the non-destructive 
testing (NDT) of damaged nuclear fuel bundles [23 ] at 
the Argonne National Laboratory in Idaho Falls, USA. In 
Japan, the Toshiba TOSCANNER 4200 [24] is being used 
for detecting cracks in steel pipes. Inspection of wooden 
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poles (for power transmission) using a portable CT-scanner 
has also been reported [25] in the United States. Recently, 
CT has been applied in West Germany to assess the quality 
of meat, thus making it possible to examine the meat before 
slaughtering animals [ 26 ] . 
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CHAPTER 2 
PRELIMINARIES 


2.1 The CBP Algorithm 

A digital impleTnentation of the CBP algorithm is 
required to reconstruct real-life objects of interest. 
Following Lewitt [ 27 1 / the discrete implementation of 
Eq. (1.9b) leads to the following equation: 

N~ 

f{kAx,lAy) A© 1 p (kAx CosO + lAy Sin© ,0 ) 

n=l 

( 2 . 1 ) 

where for KxL digitized image, 

K" _< k . _< K"'' and L" _< 1 _< L'*’ . 

Here , 

1 

s = kAx Cos© + lAy Sin© 
n n 

The evaluation of p(s /©j^) has to be done for all KxL 

I 

values of s . Bor large ray-numbers, a practical approach 
is to calculate p(mAs,©^) for M” _< m _< and then use 
inexpensive interpolation to estimate the required KxL 
values of p from only M calculated values of the function. 
Thus the convolutions in Eq. (2.1) are computed by two 
operations :a discrete convolution, p^, followed by an 
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interpolation operation resulting in the p values, p^, 

I 

at desired values, s . The following equations represent 
the convolution-interpolation operations : 

p^ (m As,e^) = As Z p(TnAs,0^) q ( (m - m) As) , 

m=M 


M m'*’ (2.2) 


p_ (s ,0_) = As Z p (m As,0 ) I (s - m As) (2.3) 

I n -^c n 

rn ' 

Here l(s) is an interpolating function and the number of 
terms in the summation depends on the width of the non-?ero 
part of I(s). Two popular schemes used are, nearest 
neighbour interpolation and linear interpolation. Both of 
these give satisfactory results depending upon the infor- 
mation the user wants to obtain about the image [l ]. 

The convolving function, q(s), is evaluated once and 
stored for repeated use for different views. Some commonly 
used window functions are given in Table (2.1). 

The discrete implementation of the tomographic 
inversion formula using the CBP algorithm, leads to the 
following errors in the reconstruction process : 

(i) The inherent error, e , at a point (r,*), is 
given by the difference of f(r,({i) and its 
approximation f (r,4)) as expressed in Eqs.(1.9) 
and (1.9a) respectively. This error is strictly 
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Table 2.1 : Some Commonly Used Window Functions 


Window Name 

W(R) 

Band limited 

1 

Sine 

(Sin (ttR/ 2R ))/(TrR/2R 
c c 

Cosine 

Cos (TrR/2R ) 
c 

Generalized Hamming 

a + (l-a) Cos (irR/H ) 

c 

0.5 _< a _< 1.0 




due to the finite cut-off, R of the Fourier 

c 

frequency. We note that e is precisely zero 
if the function, f(r,(})), happens to have a 
band-limited projection data and is chosen 
such that it is atleast equal to the largest 
frequency contained in f and W(R) = 1 in [-P^/R^,]' 

(ii) The error, e^, arising due to the discrete 
implementation of the convolution integral. 

(iii) The error, e„, due to the discretization of 
the backprojection integral. 

If the cut-off frequency, R^, is related to the 
ray-spacing of the data, then the errors e and e will 
be coupled. The total error in the reconstruction, e^, 
at any point is a combination of the above listed errors, 

e„, e_ and e , at that point, i.e., 

R O B 


= ®R ®C 


2 . 2 The Window Functions 

The window functions that have been considered 
in this study are of the form. 


W^(R) = W(R/A) 

where, W is a fixed window and A is a positive real 
parameter related to the cut-off frequency, R^, in a 
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practical implementation. In fact, for this study A will 
be used interchangeably with R^. 

Let, 


K(x,y) = 


00 

I 


f 


2iri (xX + yY) 

W(R) e dX dY (2.4) 


— 00 ^ 


then. 


W(R) 


00 

/ 

«-> 00 


“ -2Tri(xX + yY) 

/ K(x,y) e dXd^ 


(2.5) 


where 

R = ^ X^ + 


If (r,<j)) denote the polar co-ordinates of the point (x,y) , 
then , 


TT « 2TriRrCos (e-(j)) 

K(r Cosiji, r Sintfi) = / / W(R) e |R|dR d0 

O —00 

( 2 . 6 ) 

where. 


0 = tan ^ (Y/X) . 

Using (2.6) in Eq.(l.lO) we get 

K (r Cos4 , r Simji) = /^q(r Cos (©-({))) dG. 

o 


(2.7) 
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we know that W(R) is a radially symmetric function,. FT of 
a radially-symmetric function is also radially symmetric. 
This implies that K(r Cos(t>, r Sin4)) is radially symmetric. 
Therefore, without loss of generality, for ({> = 0, Eq.»(2.7) 
reduces to, 

7T 

K(r) = / q(r Cos0) d0 

o 

= (W)^ (r), (2.8) 


i.e., K now represents a function of just one variable, r, 
and K is the inverse Fourier transform (FT) of W. 

Writing, have, 

K^(r) = K(Ar) (2.9) 



Eq. (2.10) represents a family of convolving functions 
for evaluating f (x,y) by the C BP method. 



Suntmarizing, we have 


f (x,y) = (p W)^ (x,y) 

= (f K)^ (x,y) 

= (f * K) (x,y) 

and with K replaced by K^, 

fA(x,y) = (f * K^) (x,y) (2.11) 

Eq. (2.11) results in various approximations of the function, 
f, depending upon the function K and the parameter A. 

2.3 Some Definitions 

2 

Let X denote a point in the plane TR . The following 
alternate representations for X are also used : 

(i) (x,y), 

(ii) (x + iy) , 

(iii) r e^*^ , r = {x^ + , 

(j) = tan“^ (y/x) . 

Expressions like X + pe^ would have their obvious meaning of 
representing the point (x +p Cos (}) , y +p Sine})) . 
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For a real valued f defined on IR'^ and for, 
r e (fi e [ 0, 2it], X e TR^, we write. 


f (X) = f (X + r e^*^) . 

r ,9 

Taking average over (p , we get 


f (X) 
r, f 


1_ 

2tt 


27r 

/ (X) a*. 

O ^ 


provided f . (X) is integrable w.r.t. <t. 
r , <p 

define. 


Further , we 


_ f(X) 

r,4) 

for r>_ 0 , X e IR^, and k = 0,1,2,... 
and, in particular. 


3 r 


f (X) 

r,? 


f (X) 

0 , ^ 


f (X) 

r,$ 


r=0 


2.3.1 The Space 


We define class of all real-valued 

2 

functions f, bounded and continuous on IR , for which 
f (X) is a 2m times continuously differentiable function 

^ _ T_ 

of r eiO*®)/ with D _ f (X) , a bounded and continuous 

r,(}) 

function of (r, X), for k = l,2,,..2Tn. Clearly is 

a vector space over IR. 
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The fiinctional. 


JT » (j) 

is obviously a norm on J22m* 

llfllc = sup lf(X)l 
X 

and, 

11d 2\ f(x)|| = sup lD2^_f(X)] 

r,^ , r,A 

X elR 

re[0,'“) 

2.3.2 The Space f2 . 

o 

The space consists of all bounded and continuous 

2 

functions in TR with the norm defined by. 



f 


2.3.3 The Space 


We define as the class of all radially 

symmetric ftinctions K(r) with the constraints. 


(1) 2tt 7 K(r) r dr = 1, 

o 
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(ii) 

(iii) 

and such that 

K(x,y) = K(/k^ + y2) e 

Here m is a positive integer. 

6 

2.3.4 The Interpolation Space 

D 

The space defined as the intermediate space 

consisting of functions f e for which t'^KpCf^ ; f) is 

a bounded function of t, and 0 , < B < 2m. Here, Kp, is 

the Peetre s functional for the pair (fi , ) , defined by, 

o Zm 

= Irf ( I |f -g| 1^ + lg| }. 

2.4 Theorem 

^^2m ' ^ Banach space. 

Proof 

Let {f be Cauchy in 1 I * i I 2m^ * Since the 

spaces of bounded and continuous functions over IR and 
XR"*" X IR^ are complete, where iR"*" => r e[o,«>), it follows 
that there exists a function f continuous and bounded on TR^ 


00 

2'rr / K(r) dr = A_ 7 ^ 0, 

zm 

o 

00 

/ K(r) dr = 0, for k = 1 , 2» • • . (^-1) / 
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and a function (r, X) , bounded and continuous on IR^ x IR^ 

such that 



f ] [ c 0 , n -»■ 00 


and 

||D^'"_ f (X) - (r,X)lL -*■ 0, n 00 . 

r,(}) ^ 


Using a well-known remainder form, 

(fn) (X) = f^(x) + fli dJ f^(x) 

J=1 

/[d^’" f (X) - f (X)](r-s)^'"~^ds 

O S ,(p O/ (f) 

we have, taking limit as n oo 

2m _j 

f _(X) = f (X) + ^ gJ (0, X) 

r,.^ j=l J* 

(2m-ljT - g^’^(0,X)] (r-s)2’""^ds 

(2-4) 

fn(X). 


where, for, j = 1,2, 


(2m-l) 


g-^ (r,X) = lim _ 

r,| 


n 00 


1. 

(2m-l)' 
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We note that the limit exists because of the well-known 
interpolation inequalities [28] and that the functions 
g-^ (r,X) defined thus are continuous and bounded function 
on rR**" X IR^. 


It follows from Eq.^;(2.4) that f _(X) is 2m-times 

r,4) 

continuously differentiable function of reLo,<») for each 

2 

X e XR . Furthermore^ 


k k k+i 

f(X) = g^(0,X) + 1 ^ g ^ (0,X) 

r,<}. j=l 


1 . r 2m , ,,v 2m, „ ^ , x 2m-k-l , 

+ , fig (r,X) - g {0,X) J (r-s) ds 

k 

which shows that D f (X) are continuous functions on 
+ 2 

IR X TR , for k = 1 , 2 , . . . (2m-l) . Since, again from Eq.{2.4) 


f(X) = g^'"(r,X) 

r ,(fi 


it follows that f (X) is bounded, and continuous on 

+ 2 r,? 

IR X IR . This fact, in view of the boundedness of f, 

implies that D-^ f (X) , for j = 1 ,2 , . . . /2m,.i)are bounded and 

+ 2 . 

continuous functions on IR x TR, . 

Hence fc 0, . Finally, as, 

2m 

ll*n - *il2m =IIV *llo ■^11“^'"- | ] . 0 

r,(t) 

as n -»-oo, the completeness of ^ 2 ,,^ follows. 
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CHAPTER 3 
DIRECT THEOREMS 

The subject matter in this chapter deals with some 
direct estimates of error in reconstruction by the CBP 
method discussed in Section 2.1. The theorems developed 
here use certain derivatives and modulii of continuity 
of the object-function cross section. The estimates deal 

with the e -error. 

R 

3 . 1 Definitions 

If we define, 

k -i A 

D f (X) = ■^-r: f (X + r e ^) , k = 0,1,2,..., 

r,<(, 

then whenever the order of differentiation and integration 
can be interchanged, we have, 

k 1 _ 

D^ f{X) = ^ / D^ f(X) d(}, . 

r,^ ^ o 

We now define a k-th modulus of continuity appropriate 
for error analysis of CBP, by, 

= sup | _ f (X) _ d^ fCX)] 

0 <lh^— h2l^ 6^1* 

XelR^ 



3.2 Lemnias 


The following four lemmas are needed for establi- 
shing the direct theorems ; 

Lemma 3.2.1 

fkl 

lim 03 (f ; 6) = 0 (3.2.1) 

c 

6 ->-0 

if and only if 

lim _ f (X) = f(X), 

jh^ - ^2'^ 

uniformly for all XelR^. 

The result (3.2.1) follows easily from the definition 
fk] 

of 03 (f*-^ ; 6) . 

c 

Similarly we have. 

Lemma 3.2.2 


If — ^2' 


03 


c 



6 ^) ^ 03 


c 



62) 


( 3 . 2 . 2 ) 


Lemma 3.2.3 

For any X, 6> 0 ^ 

03^(f ^^^;X6) ._< (1+X)03^(f*^^;6) 


(3.2.3) 



Proof 


By LemTna (3.2.2) we have, with h = lh^-h 2 l 

co^ (/^;X6) _<w^ (l+[x3)6) 


sup I X 

0 <^._< (l+[x] )6 ^ 1 ' ^ 


f(X) - D _ f (X) 

^2' ‘f’ 


X e IR 
h^,h2 elR"’’ 


= sup I _ f (X) - _ f (X) ) 

0 < h <1. (l+[x]) 6 h +h,(j) h2,(() 

XelR?h eIR+ 

i+[x] . 

_< E sup [ D f(X) ~ 

J=1 0<h <6 hj+jh,* 


h +(l+[x])h,h,e IR^ 

^ 2 ^ 

X eiR 


- D' 


h2+(j-l)li, 


= (1 +[X] ) 0)^ (f ) 

._5 (1 +>^) (f ^^7 6 ) , 


conipleting this proof. 


Lemnia 3.2.4 

The integral-type remainder in the Taylor's expansion 


is given by 
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K J 

f _(X) - Z 7T f(X) 

r,<f) j=0 0,$ 


/v"i V . f f(X) - f(X)} (r-s)^ ^ ds 


3.3 The 0 ) - Estimate 

G 

Fbr a cross-section distribution f (X) for which, 

0 ) ->■ 0, as 6-»- 0 , 

c 

for some k = 0, 1, 2 , . . . (2m-l) , an error estimate for the 
CBP method is given by the following theorem ; 

Theorem 

Let the CBP window, k belong to Then for, 

k = 0,1,2,... (2m-l) , the following holds: 




(f 


W. 1^ 


where, B is a positive constant independent of f or A 
and is given by. 


€X> 

f I K(P) [dp. 

o 


B 


2Tr 

ki 
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Proof 


Using lemma (3.2.4) we have. 


2 -rr 00 < A 

f^(X) - f (X) = f /[f (X - ^ e^^) - f (X)] K(p)p dpd<t. 

o o 


k 

2Tr I 

j=l 


f (X) 


j: 


00 

/ p^^ K(p) dp 


^ oo p/A V V 

+ fv'fV' ' ^ f(X) - f(X)}{f - s) 

o O s,^ 0,^ ^ 

K{p)pds dp 

Note that _ f (X) is zero for j odd. 

0,(J) 

Hence, using the fact that Ke TK 2 ^, we have. 


f^(x) - f(x)l _< |K(p)|ap 


^ M i) f (1+p) p’"*^|K(p) lap 

kiA ^ O 


from which the result follows. 

This theorem relates the error, e , to the local 

R 

smoothness properties of the function. Existence of a 
high order i.e., k large, implies relatively low 

error due to the factor A in the denominator. 
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3 . 4 The Asymptotic Formula 

The following result gives a precise pointwise 

estimate of error, e , in the CBP method for cross- 

K. 

sectional distributions which are sufficiently smooth 
at points under consideration. 

Theorem 

Let KelK_ and f efl . If D ^ f(X) exists at a point 

2 ° 0,J 

XeTR , then, there holds the following asymptotic formula: 

lim (X) - f(X)} = f(X) 

^ ^ * 0,f 

A oo 
where, 

00 

®2m ^ dp 

o 


Proof 

Since f ' _ (X) exists, the Taylor's expansion of 
0,4) 

f _(X) about p = 0 can be written as, 

P/4> 

2^11 j . ^ 

f _ (X) = Z f(x) + P^’^ g^ip), (3-4) 

p, 4 i j=o 0,4) 

where, g^(p) 0 , as, p 0 . 

We note that the function, 

2m j . 

g {p)= (X) - E f CX)}/p2’T' 

p,f j=0 J* 0,^ 

is bounded as p -»■ 0, “ and hence by its continuity for 
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pe(0,“), it follows that gjf(p) is a bounded fiinction of 
pe(0,“). We denote the bound by M^. 

2 

Now, multiplying Eq. (3.4) by 27 ta K(Ap)P and 
integrating w.r.t. p , we get 

. 2TrD^ f(X) ^ 

f (X) - f(x) = E f pj ^ A K(Ap)dp 

^ j=l o 


+ 27r / g (p)p^^'^^ A^ K(Ap)dp . 
o ^ 

Using the property, KelK^^, we have 

f(X) 

f^(x) - f(x) = : °- L ^ 

(2m) i A A o 

where, = 2 it / K (p) dp. 

o 

We note that, 

(i) \(P) = lgj^(p/A) K(p) I , is bounded by the 

integrable fvinction |k(p) ] , and, 

(ii) g (p) 0, as p-»- 0, which implies that, h (p) -»■ 0 

A A 

as A -»-«>, for every fixed pe(0,“>) . 

Now (i) and (ii) imply the applicability of the Lebesgue 
dominated convergence theorem [29], and we have. 
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lim 2Tr/ g ( p/A) ^ K(p)dp = 0, 

o ^ 

and the result follows. 

For the special case, KelK^, i.e., m = 1, we have. 


= 2Tr / K(p) p-^ dp. 
o 


Now by Eq. (2.8) , 


W(R) = f 1 K(r) Cos(S-« 


r dr d^). 


Since W(R) is radially symmetric, substituting 0=0, 
without loss of generality, we get. 


W(R) = 


f 7 K(r) e-i^uRr Cos* ^ ^ 


o o 


Differentiating twice, we obtain. 


2it «> 


W 


'(R) = / / (i2ir)^ (K(r)) (r Cos(i))^e-iI^2TrrCoS(|)^ 


o o 


II o o 

=> W (0) = (-4it^) / / r K(r) dr Cos (j)dc() 

o o 


ooo O 

-4'ir'^/ r"^ K(r) dr 


B, 


W_iQI 

2 it ^ 


Thus 



Similarly for higher order cases, 2m, the 


error, e_, will depend on the 2m-th derivative of 

K, 

W(R) provided the object-fvinction cross section is 
sufficiently smooth. 


3.5 The.jlfjl^^ - Estimate 


Let, f radially symmetric. 


/ r^^'‘*’^K(r)dr = 0, for j = 0 , 1, 2, . . . (m-1) , 

o 

and, j.2m+l cl} [o,“) . 

Then, if 

00 

2Tr / K(r)r dr = 1, 

” ^llo — 2ml 1^1 Urn ' 

A 

where M 2 is a constant independent of A and f. 


Proof 


f (X) - f (X) I 


= /{f(X - J e^'f’) - f (X)} K(r)r dr d<{, 

6 o 


l 2ir / T (X) - f(X)}K(r) r dr | 
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= 2it / trr 


2in-l 

E (J)J 

j=l 


dJ f (X) + 2^ <f) ^ j 


0,^ 


r K(r) dr 


_< IlD^™ £||^ 

r , <|) 


^-2m j ^2>n+l |j(;(i-) |ar 


1> Il*ll2, 

A 


where, M, 


2*^ 

2m! 


/ |K(r) |r dr , and, 0 < a< 1. 


We note that this estimate is applicable for functions 

which are sufficiently smooth, i.e., belonging to the 

class Q- . 

2m 


3 . 6 Localization Lemma 

Let K , K_e IK^ and fefi . If for some 6 > 0, 
1 2 2m o 


K 


^ (r) = (r) , for 0 ^ r ^ 6, 


then. 


M- 


- «A>2llo :2;:ll^llo ' 

A 


where the constant M does not depend on A or f and (f ) 


denotes the CBP approximation w.r.t. the fiinction K^. 


f (X) } 


i 



36 


Proof 




<» 2tt ± 4 ) 

_< / / 1 f (X - — ) 1 1 (r ) - (r) I r dr d<f> 


00 

- / If _(X) 1 (Ik (rA) 1 + 1k (rA) I)A^ r dr 

A6 r,<p ^ 



Now, the result holds for, 

27r(M, + Mj.) 

M = ^ 

3 52., 

The localization lemma effectively states that for 
A sufficiently large^ the performance of the window 
function/convolving function depends on the values of K 
in the neighbourhood of origin only. 
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INVERSE THEOREM 


We now establish some inverse results for the 
CBP method. The result states that the inherent error, 

e , is O , 0 <3 < 2m, if and only if the function 

JK 

a 

under consideration belongs to the class 0^^ defined 
earlier in Section 2.4 . This theorem guarantees 
the error order for a given A (or R^) , the Fourier 
cut-off frequency, provided images can be thought of 

g 

being represented by functions belonging to We 

note that a higher value of 3 represents a relatively 
smoother image . 

We first discuss some lemmas required for the 
proof of the main result. 


4.1 Lemmas 

The five lemmas concern with the smoothness of 

f, and the bounds for the various norms of f , . 

A A 


4.1.1 Lemma 

If, KelK^^, and has a compact support, 

then , 


^A " 




2m 


for each A > 0 . 
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Proof 


Since, f has a compact support, the integral. 




27r » ^ ■ 

/ / f(Pe^“) K(A{X-pe^“)) pdp da 


o o 


exists, and is a bounded and continuous function of 
2 

XelR . Now using Fubini ' s theorem. 


(f^) _(X) = 

r,4) 




= f f f (pe^“) (-I— A^K (A (X-pe^'^+re^*^) )d4))dpda 
0 0^0 


-TT “ 


= / /f(pe^“)(K ) _ (X -pe^“)pdpda 


o o 


r,(j) 


2t[ <x> 

= f f f(pe “) A^ K 


(A (X-pe^“) ) pdpda , 


o o 


Ar,^ 


Now, using compactness of f, it follows that the inte- 
gration region is compact, say the disk D(0,p^), and then, 
since (X) is continuous for all reX, it follows [30 ] 

•T" Ar 

r,(j) 

that , 


2m _ 27 r . » 2m 

(f^) (X) = / / f (pe'“)A^ 5 


r,4, 


o o 


-r- K (A(X-pe^“)) 

Ar,? 


pdp da 



39 


and, since the integrand in the above expression is 
continuous w.r.t. r, X, pe^“, for each fixed A, it 
follows, using compactness of the support of f, that 
the integral is a continuous function of r and X, 
i.e. , 

f (X) is a continuous function of r, X, where 

r,4. 

+ 2 2Tri 

reiR , and XeiR . The boundedness of D f (X) follows 

2m r,$ ^ 

from the boundedness of D _ K(X) w.r.t. r and X and 

r, 4> 

a bound is given by, 

. 2m+2 
A 

where, 

= sup 
relR"^ 

XelR^ 

Thus, 

f^e J^2Tn' completing the proof. 

4.1.2 Lemma 

Let, K be radially symmetric, 

RL^(IR^) 

K e S, a bounded set in L^(IR^), for reiR''* , 

r,<p 

Then if f 


|d2'"_ k(x) I . 
r,({> 



^A ^ ^2m * 
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Proof 

We have. 


^ IR^ 


f (X - J) K{T) dT. 


Hence, 


lf2,(X)l .< / ,|f (X - J) 1 1 k(T) I dT 

A A 

<l|fllo Ir 2 lK(T)ldT 

= ^ell^No 

1 2 

where, < <» because K{T) e L (IR ). Hence is 
bounded with 

llf^ll, -< “ell Elio • 

Now we prove the continuity of f^. 

We have, 

if^(X) - f^(X^) 1 J5 ^ " ^^^o ~ A^ ' 

tr 

(4.1.2) 

Now, for every T, 

lf(X - f ) - f (Xq - f)llK(T)l 0 

as, X X^. 
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Moreover, this integrand is bounded by, 

2| If I 1^ IK(T) 1 e d (IR^) . 

Hence, by Lebesgue's dominated convergence theorem, the 

r.h.s. of Eq. (4.1.2) -»■ 0, as X X . This means that, 

o 

lim f^(X) = 

X-> X 

o 

i.e., f^ (X) is continuous at X=X . Since, X is 
A O o 

arbitrary, f (X) is a continuous fxmction of X. 

We can write 


(f_) (X) = / « f(T)A^ K (A(X-T))dT. 

^ IR^ Ar,? 

2tti 1 2 

Since, f e , and D _ KeS CZ L (IR'^), the functions, 
° r,(j) 

—r (f.) (X), k = 0,1,2, ... (2m) 

3r^ ^ r,$ 


exist and are bounded and continuous functions on 
(r, X) e (1 r‘^ X IR^) and 




= / , f(T) A^ 

IR"^ 



\r,^ 


(X) 


(A (X-T) )dT, 
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We note that for the integr ability of the 
• • Ic 

intermediate derivatives, D _ K, we use the inter- 
polation inequalities [28j. 


4.1.3 Lemma 


Let f e n , 
o 

K e L^ (IR^) . 


Then there exists a constant independent of f, 

such that. 




The fact f e is a part of the conclusion. 

A. O 


Proof 


We know that. 


(i) f^(X) 


fj f(X-T) A K(AT)dT, 
IR^ 


(ii) f is bounded and continuous, and 

(iii) K e L^ (IR^) . 

This implies that exists for every X. Moreover, 

I ^A^^^ “ j 2 “ A^ ■ - ^)1|k(T) IdT. 


As, Y ^ X, the integrand approaches zero for every T, 


Since the integrand is dominated by. 



which is integrable, (by Lebesgue s Dominated Convergence 
Theorem) , we have. 


lim f^(Y) = f^(X). 

Y^X 

Hence f (X) is a continuous function of X. Finally, as 



._< 1 lf 1 


o 


/ , lK(T) |dT, 
IR 


we have/ 



< 



o 


where, = / , lK{T) ] dT. 

^ IR^ 

Thus, we have shown that f^ is bounded and continuous 
function of X, i.e., 

f^ e Ji 
A o 

This completes the proof . 


4.1.4 Lemma 
Let, f 
with, K (X) e 
each r e [o,“ 


e fj , K be radially symmetric, 
o 

L^ (IR^), K(X)e L^(IR^) 

r,? 

) , and , 


K e 
, for 


2m 


# 
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,2Tn 


sup {[ [D K(x) II : r 21 0} = L. < « 


Then, for all A ^ 1, 




where Mg is a constant independent of A and f. 


Proof 


We have. 


f, (X) = 
r,? * 


2 f(x+re^*- J)K(T)aT d^, 

gr^Tti 2Tr ^ TelR"^ ^ 


3 , 2ir 


3r 


2m 


^ / / „ f (T) K(A(X-T+re^'*’)) A^ dT d<j). 


o TelR' 


Now using Fubini's theorem, we get, 

9m o 9 

f,ix) = / „ f (T) K (A(X-T)) A^ dT 

r,$ ^ TelR^ ar^^ Ar,$ 


2m 


2m 


/ , 

TsIR" 


f (X - -) r K (T) dT 
3r2™ r,$ 


Hence , 


j2m 

r,^ 


2m I 


2m 


|D-‘_ f(X)||„ ._< A-“||f|l„ / I -^K h,)|dT 

1 ei-K 3 r r# 9 


. < L A^’^I If I 



We have already shovm, (Lemma 4.1.3) 



Thus, 



2m 



+ sup IlD^'" f^ll^ 
r > 0 


-< M7 |f| lo 


where = L + M^, and we note that A ^ 1. This 

completes the proof . 


Lemma 4.1.5 

Let, f e ^2m' ^ L^(IR^), be radially 

symmetric, then. 



2m 


_< Mg Ilf 


2m 


where M„ is a constant independent of f. 


Proof 

r, ^ 

= IlD^’" ./2 f(X-T) K (AT) aT||^ 
r,| 
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= 1 1 f(X-T)} K(AT) dT| I 

IR^ r,$ ° 

< f(X)l|^ ^2 A^lK(AT)ldT 

r , <|) 

= f|lo 

r , q) 

where, Mg^ = | [k (X) [ . 

We have already proved, (Lemma 4.1.3., Def of I I • 1 1 2Tn^ 

II^aHo - ^ell^llo - ^2 ll^ll2m ' 


Hence, we have. 


IlfJI 


2m 


=iif. 


^ + sup { I I f^l 

r- ^' 4 ' 


: r >. 0 } 


i «8 

where. Mg = Mg^ + Mg2 , 
completing the proof. 



4.2 Theorem 


2^1 

Let, K e XK , f e , and 3 be a real number such 

o 

that, 0 < 3 < 2m . Then, 

llfft-fllo = p (A-®) 
as A -»■ 00 , 

g 

if, and only if, f e ^2m* 

Proof : 

Let, I If - f!l = O (A“^), withO'^B<2m. 

A. O 

Since, K e in view of the localization lemma 

(3.6), K could be assumed to have compact support. 

Then the conditions for lemmas (4.1.2) - (4.1.5) are 
satisfied implying that f^ e J^2Tn* given 

^ ^ ^2m' 

' lllf-SlA 9 aII2^ 

■"H9All2-n- 

Thus, for any t > 0, 

ll^A-*llc, *=^'"1 I^aI I 2 ™ - O(A-B) + (f-g)j^ll 


2m 


Now, by lemmas (4.1.3) and (4.1.4) 
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ll9All2m «8 llglljnt • 

Thus, 

I I f - f^l I ^ I I 0(A-®) + <M, A^""] 

“sl I 3112^1 

Taking infimum over g e 2Tn' have, 

KpCt^"^; f) = o[a“^+ (At)^’^ K f)] , 

P A 

where Kp is the Peetre's functional (Section 2.3.4) 
using Berens-Lorentz lemma [si] , we get 

KCt^"^; = O(t^) , 

g 

i.e., f e ^ 2,^1 * 

Conversely, 

8 

assuming, f e ^2m' each t > 0, we have a g^e fl 

that , 

I [f - g^I 1^^ Mg t^ , 

II 9tll2^ -< «10 • 


I (f-g) 1 1 „ 


. Now 


- , such 
2m' 



Hence by triangle inequality 


II 


^7. - f I < 

A O — 


- <9t>Allo +11 <9t>A 


Q. + Q 

^4- o ^ 


Now using lemma (4.1.3) and theorem (3.5), 



_< (M.7+I) I If - g^l 


+ 



2m 


Choosing, t 


1 

A' 


we get. 




(M^ + 1) Mg A 




M 


2 _ „ .2m-B 

2m ^10 ^ 


= [ (M^+l)Mg + M^ M^q] a ^ 
= 0(A"^) . 


This completes the proof. 
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CHA.PTER 5 
RESULTS 


A discrete version of the parallel-beam CBP algorithm 
was implemented on the DEC-1090 computer system. The seven 
windows chosen for the study are given in Table (5.1). These 
windows have been listed in increasing order of their jw" (0)| , 
the second derivative (w.r.t. the Fovirier frequency) at the 
origin in the Fovirier space. Pbr the generalized Hamming 
window, the cases H91 and H75 have been chosen because, for 
these windows, the values of W" (0) are the same as those for 
the sine and the cosine windows respectively. 

Initial test cases were run on a unit pixel. Next, 
extensive computer experiments were performed (with varying 
R^) on a simulated image of a damaged nuclear fuel bundle 
(NFB) . Finally, reconstructions were obtained for a simulated 
cross-section of a human brain. 

Projection data was generated by numerical integration 

with a step-size equalling As/3 . The cut-off frequency, 

R , was chosen as per the sampling criterion [2 ]. Also, 
c 

to reduce the discretization errors related to the back- 
projection integral, the number of projection views, NVIEW, 
were linked to the number of rays, NRAY, by the following 
equation [ 2 ] : 


NVIEW 


( {NRAY-1)/2)tt 



Table 5.1 ’ : Windows Considered in the Study 
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The errors reported are of the following type : 


ERMIN 

= Min 

(f - 

f) 

ERMAX 

= Max 

(f - 

f) 

ERLl 

1 

MP 

E El 
i j 

(f . . - f . .) 1 

ij ij' 1 

ERL2 

_ 1^ 
MP 

E E 

i j 

1 f . . - f . . 1 ^ 

' iJ iJ ' 


E 


1 _ 

NP 


E E 
i j 




-CD 


Here, 


MP represents the total number of pixels considered 

for evaluation of ERLl and ERL 2, 

NP represents the total number of pixels considered 

for evaluation of E, 

and, superscript CD implies the value of the function 
after the 32 gray level coding. 

The errors, ERLl and ERL2, represent the usual 
1^ and ±2 errors. The error E represents an index of 
visual quality of the reconstructed image. For a given 
window and a fixed R^, ERMIN and ERMAX give an indication 
of smoothness of the function concerned. Some researchers 
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use I 2 errors for comparing reconstructed images while 
others report error -measures similar to those used in 
this study. 

We note that the radius of integration for the 
evaluation of E is 1.0, while that for the evaluation 
of ERLl and ERL2 is 0.9. This reduced radius was chosen 
as the majority of the region of interest (for the 
images considered in this study) is covered by a radius 
of 0.9 units. 

The normalized errors corresponding to ERLl, ERL2, 
and E are defined as follows: 

IMPI 


ERL IN = 


(ERLl 


I Z| 

i j 


ERL2N = 


(ERL2) (MP) 


E E 


1 j I ij 


f . . - f 


2 1/2 


EN 


(E) (NP) 


E 

i 


E 

j 


-CD, 

"ij I 


Here, f denotes the function value averaged over the entire 
region of interest. Again, as in the previous case, ERLIN 
and ERL2N were calculated for the picture region of 0.9 


radius. 
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5.1 Reconstruction of a Unit Pixel 

Test runs, involving the reconstruction of a unit 
pixel, were performed using 65 rays and 100 views. 

Figures (5.1) - (5.4) depict the normalized log magni- 
tude plots (for the central ray, (}> = 0) of the 
reconstructions obtained from projection data of the 
unit pixel. Following Herman [i3 , the output parameters 
of interest are listed below: 


(i) f (r) is the normalized log output 


lOlog, 


f (0,0) 


(ii) Half -width at half -maximum (HWHM) is the smallest 

positive r such that f (r) = lOlog, -0.5 

JDB X U 

(iii) Size of the first overshoot is the value of 

such that 

On the given discretization, the point r_^ precedes 
point r and the point r^^^ follows point r. 


(iv) The tail is the value of f for the last pixel, 
i.e., fj^g (0.9). 


Table (5.2) shows the above-mentioned parameters 
of interest for the reconstructions using all the seven 
windows. The H99 window has the minimum HWHM but the 
largest ‘tail' and the largest 'first overshoot'. The 
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window H54 has the maximuTti HWHM and the smallest 'tail' 

and first 'overshoot'. These results fTable (5.3)) agree with 

point-response results reported by Herman [ 1 ] . 

5.2 Reconstruction of a Simulation of a Damaged Nuclear 
Fuel-Bundle (NFB) 

Figure (5.5) shows a 64x64 digitized simulation of 
the cross-section of a 9x9 NFB consisting of 79 good 
fuel rods and 2 damaged fuel rods. The normal fuel-rods 
are represented by 2x2 white squares (4 pixels) while the 
damaged rods are shown by dark squares. The dark lines 
represent the coolant fluid flowing through the fuel- 
bundle. To observe the 'edge-effects', some extra squares 
and two rings were included in the overall image. A 
suitable 32 gray-level scheme was chosen for overprinting 
purposes. 

Reconstructions were performed using all the seven 
windows mentioned in Table (5.1). Also for each window, 
three cases were run for R^-values of 16,32, and 64. The 
corresponding rays and views are given in Table (5.2). 

The reconstructed images (small size) appear in 
Figs. (5.6) - (5.12) for all the seven windows (see 
Appendix A for large-size images of the same reconstructions) . 
The summary of errors appears in Tables (5. 4) -(5. 5). The 
tables reveal that for each window all the errors reduce 
with increasing R^. In fact, doubling R^ reduces the 



TaDie b.3 : Reconstruction Results of Figs. (5. 1) - (5.4) for the Unit Pixel 
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Fig 5.5 Originol simulation of domaged 
nuclear fuel bundle (NFB) 
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Fig. 5.8 


Reconstruction of NFB with SINC windows 
for (a) Rc=16 (b) Rc> 32 and (c) Rc= 6A. 
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Fig. 5.9 Reconstruction of NFB with H80 windows 
for (a) Rr =*16 (b) Rc =32 and (c) Rc = 64. 
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Fig. 5.12 Reconstruction of NFB with H54 windows 
for (a) Rc =16 (b) Rc = 32 and (c) Rc = 64 




Table 5.4 : Effect of Cut-off Frequency, R , on Reconstruction Errors for 

the Nuclear Fuel Bundle ^ 
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errors by (approx.) 503J for most windows. This factor is 
higher 61 %) for the H99 window. 

Figures (5.13) - (5.15)show the effect of Iw" (0) | 
on the reconstruction errors. It has been observed that 
an increase in the value of (w" (0) j leads to an almost 
linear increase in the errors, ERLIN, ERL2N and EN. 

5 . 3 Reconstruction of a Simulation of a Human-brain 
Cross section 

Figure (5.16) shows a 64x64 digitization of a 
cross-section of a human-brain [ 32 ^ . The central 
region shows a damaged portion having a density different 
from that of the healthy tissues surroxinding it. 

Figures (5.17)-(5.23) show the reconstruction 

results using the seven window functions for three cases 

of R values of 16,32 and 64. Tables (5.6) and (5.7) 
c 

give the corresponding summary of errors obtained in 

the reconstructions. The pattern of errors is similar to 

that of the NFB case. Errors reduce by (approx.) 50% 

when R is doubled except for the H99 window where the 
c 

factor is approx. 67%. For a given R^» the performance 
of the window is again related to |W"(0)1. Errprs increase 
almost linearly with increasing jW" (0) ] as is clear from 
Figs. (5.24)-(5.26) . For large-size reconstructed images, 
see Appendix B. 






Normalised Errors 
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Fig. 5.20 Reconstruction of human brain with H80 window 
for (a) Rc =16 (b) Rc=32 and (c)Rc =64 
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Fig 5 22 Reconstruction of humon broin with COS window 
foir (a) Rc = 16 (b) Rc =32 “"d = 
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Table 5.6 i Summary of Errors in the Reconstruction of Human-brain 
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CHAPTE R fi 
DISCUSSION 

The niajoir results of the thesis are reflected in 

the, 

(a) “^-Estimate, Section (3.3) 

(b) Asymptotic formula. Section (3.4), and 

(c) Inverse Theorem, Section (4.2). 

The w -estimate states that any uniformly continuous 
cross section f can be reconstructed to within accuracy 
which is at least 0((o^(f^^^; 1/R^) ) as under the continuity 
assumption w (f^^^? 6) ^ 0 as 0. It further follows 

that the smoother features of the cross section are amenable 
to a better reconstruction. Thus, sub-regions of the cross 
section which are sufficiently smooth, will get recons- 
tructed well, while the sub-regions possessing disconti- 
nuities (edges) will tend to have large reconstruction 
errors. 

The asymptotic formula predicts the point -wise 
error, e_ , arising due to the band-limiting aspect of 
the CBP implementation. Ibr commonly used windows, 

W(R), e.g., sine, cosine, and generalized hamming, we 

have, 

jw' (0) 1 = 0 , and 

jw" (0) I 7^ 0 , 
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indicating the value of m to be 1 for analysis purposes. 
For a fixed the asymptotic formula then implies 
that the pointwise e^^ is proportional to |w" (0) | provided 
R^ is sufficiently large and the second order RADAV 
derivatives (of the cross section) exist the point under 
consideration. Furthermore, for the windows considered 
in this study, the best e^^-error order that can be 
obtained is 0(1/R^). 

The Inverse theorem states that the closeness, 
0(R_^), of the reconstruction to the original image 
belonging to the olase cannot be Improved by the 

CBP algorithm no matter what filter from the class 1^2^ 
is used. 

We note that the total reconstruction error, e^, 
at a point comprises of three components, e^^, e^^ and 

e_. Since the composite trapezoidal approximation, 

B 

converges to the true value of the integral (of a 
Riemiann integrable function) as the step-size approaches 
zero, for a smooth cross section, the discretization 
errors e,,, and e_ 0 as the number of rays and views are 
increased. The error in the composite trapezoidal rule, 

E__, for a function g, is given by, 

X' K 

^ 9’'(n) , a <ri<b . 



Here h is the stepsize and g is twice differentiable 
on [a,b] . Hence, 


and 




©g a (A0) 


VJhen the sarnpling and the optimality conditions are 
satisfied, i.e.. 


R 


2As ' 


and, NVIEW 
then. 


(NRAY - Dtt 
2 




and. 




Hence, for f e Cl®- 0< e< 2, if the projection data p is 
sufficiently smooth the total pointwise error will be 
dominated by the inherent error, e^^, i.e.. 


T — R 


0(R"^) 

c 


It may be noted that, generally for the cross 
sections, f, of interest, their projection data p, being 
the set of line integrals of f, would be smoother than f , 
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6.2 The Asymptotic Formula 

The results summarised in Figs. (5. 13) - (5. 15) and 
Figs. (5. 24) - (5. 26) reveal that, for a fixed R , the 
errors ERL IN, ERL2N, and EN are large for windows 
having large magnitudes of w" (0) . Hence, the perform- 
ance of the windows is in accordance with their corres- 

II 

ponding values of W (0), as predicted by Theorem (3.4). 

The seguential ranhxng of the windows as per their |w” (0) j 
is, 

H99 <H91, SINC < H80 < H75, COS <H54, 

and the errors ERLIN, ERL2N, and EN are in the order, 

H99 < H91 < SINC < H80 < H75 < COS <H54. 

Figures (5.13) - (5.15) and Figs. (5.24) - (5.26) also reveal 
that the errors increase (approx.) linearly with ]w" (0) ] . 

The reconstruction results reported by Herman [ 1 ] 
for different windows also agree with the predictions- 
of the asymptotic formula, i.e., the error in reconstruction 

II 

is in accordance with the magnitude of W (0) of the windows 
(See Appendix C) , 

6.2 The w -Estimate 
c 

A comparative study of the results for the image 
of the human-brain and the NFB image, shows that all the 
errors measures for the brain cross section are much less 
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compared to those for the NFB cross-section. The inherent 
nature of the digitization is same for both the images, 
yet there is a marked difference in the magnitude of all 
the corresponding error measures for the human-brain and 
the NFB. This is because the proportion of smooth sub- 
regions is higher in the brain than that in the NFB image. 

The e^^ error decreases as a direct consequence of Theorem 
(3.3)/ subsequently reducing the overall errors according 
to 0 (f ? 1/R^) = 0(1/R^). 

6.3 The Inverse Theorem 

For the windows chosen in the study, m takes the 

value 1, indicating the applicability of the inverse theorem 

for the range (0,2) of 6 . The varying-R^ experiments indicate 

that the overall error reduces in a linear fashion for 

both the cases of the NFB and the brain images. Though, 

only three cases of R^ were considered due to the CPU time 

limitation, it is reasonable to assume that is 0(1/R^). 

We know that the composite trapezoidal approximation ensures 

negligible and e^ for sufficiently large NRAY and N¥IEW« 

In such a casei the discretization errors would be compare- 

tively negligible and then e^ will be dominated by e^^. It 

has been observed that the order of e^ is 0{1/R^) for both 

the images. It appears that the discretized images considered 

ft 

in this study belong to the class ^ 2 ^ 1 ' ^ taking the 



value approximately 1. 


It is interesting to note that the overall recons- 
truction errors , ERLIN, ERL2N and EN,for a head phantom 
reported by Herman [l] , also depict an order of 0(1/R^) 
(See Appendix C) . 



APPENDIX A 
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■ •■.•I 


'**5****'********' 


i.999*** •••••• •••• 

■ piiwM ._.99***'**9>* •••• 

2 sl .sS® .8“ : s s s -ss. 

S«* ai aaaaaaaaaawaaaaaaaaawa mm aaa 

.SS" .:s t S S 8 S S 8 8 *8. 88. ‘SSu 

... .8. .. 8888888888 8. ... 8Si 

Ssi S*s .1 L.L. 5 ..l..s.. 5 .. 5 .JssS..s.. 5 .J L s-s si 

£: .!| I I 8 8 8 8 8 8 8 8 8 8 8 8 88. 


""^1 t 1'8'fi S'S'S 5 S « • S SS 

I i s : s s s s : s s s: 

•MMaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaas 

“SSSSSSSSS^ 


! S| I 
St f 

ail a 

ss tl 

ss aaS ^SSaa»»a«»Mftaa»««S«a»a«»a»a»»a»»BaaS«aSftaS* 

lia SS Sa s : s : : 8 s 5 5 : 5 5 aS s: 
Bss '•SS 8 s ss* 

Si Si a a a a a a a a a a a a aa mm 
8Sa Saa ■ SaiaaaaaaaajtaiaaaaaaaaaaaaaBaaaaa^aaa aaa 

aaa aaa SaSSSaSaSa aaaa aaa mmt 
•SSa “SS Sj aaaa...«a-.-........«.««.aa... aaa ^a. 

SSa aaa aa aaaaaaaaaa aaa aaa 
**a aaa Saaaaaaaaaaaaaaaaaaaaaaaaaa «9r“ 

S M aaaa aa aaa aai 

aa *aaa aaa aaaa ' ■** 

aSa *5Saa aaaSaaSaaSaaSaa ' .■■■■ «9S9* 

s-a.„ •»«S5.. .sss* 

I, 


„„ _ »ai»«iBaaBaaaaaBaaa a 

aaaaa aaaaaaaaaaa .*992 

aaaaa aaaaa 

aaaaaaaa aaaaaaaa 

aaaaa aaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaa 


Fig. A-5.5 : Cornputer Output. 

All figures in Appendix A correspond to 
lig. (5.5)- - (5.12) of the main text. 



»««*•« c«ofo c«*e "ric* »«»»»<■• t»t***T. ***** 3 m» 
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- • ♦»«»■»••• I 

■ * .*• • I **•• •!■■• I •]■»»«■ 

lilt ic:irM«»»ii»wai»aiti»ii»arBi • 

*-» »»»»»■■* •• *-K»m I 

#irviiM 3 W«"i •• • m mii 

■wMiMM ihwaiBiMh ♦ n 4 .ae«iiiB« 4 - 1 —N iMatMiaiHii • •• • •vaxo oat»*a 

4 Mwvn| t« iii*«av» . 


iiiiiwnM •■MMia'*' I ■« 4 .niA' 4 -mxmm«» «. «aaif • •wan 

- vxBrvB • .• • i 
• * 4 'Mia. • •*!« «itai • 


SSS-S 


.. aM»iiH4U»«aix«x«.aiaiai«««ai«waiT«vaiai MaaiB ♦ a»«i4>sM'ai 


*"lllL'w ! Nkaiti j»K»t 

laii iMaiai*' |mi»m a Mm ai 4 ‘ M • • •* f* aM*««.a 4 - 4 >ai « * taatM*! BHa 

• MX WM I • ttMliN 4 iaUBM |» mM mK HB • « • •' t B Be I B»at 4 - B »M»BO»»M« 

Mipwi^ « mBm X fliB)B>aiBiaiaiaiMMiBM«iiBi«BiM»ai«iBi«iai»B»«BiMMBiaiBi»«M Bsati mm*» 
MiiM «iMKa»icttKiMi m*m • • ♦» 4 mmmm* »b • •-•bibb •nwml mmm 

iiwii MkaiB»«MliB|irlB m «• bm ixb m** »•« ■»>«« »m hb* t tauBK* aiaix « 

mSmnjmmu mp iBB>m»»a»Biv»BiM'fliM»Bi»»»x»M»BB)»MBti»»«Mw« mm. mmm ^mmm% 
9 jPli « Mliiix I ♦»« !• ii • p ««*!■• m aii« ■■■••••• »>«»* i .-bbibi a b p«i 

ItiS «Pir| • til IP •♦•IP P BB »p asx im»s P» 

««Blji ••pMaii waipMaMaiilBlIBKMBIMiaiMBIMaMMMMaiaaMMMMBIMMMXMaaMaiKMM BMM 9 »•« 
xpli BiiaPB I* •■) •* IMBIX* MB MB P • •■P IP CPX • *« . IMMBfMMlB 

PlflllPpM ABPtHPl .«• P* P mt Ml HBB P IPI P •tP-BMB PMB • .-MM t f PfllM 
MPPPM pp P |p|^Bi»»BIMB»lBMBlllMBiMBIBI»MBM»»BIBi»MM»M»*Mfll»{tMVMMar I IMP PPM 

S PP|««PMHM|P-PttpM P IP BP IMPPMU) PB P • P BP 4 B OP « BP« • I BMP* oPPP 

MPtBpatM mPhk»hpm*pi m* m mmmm ¥>m *mt «M*BaB p pbbpki ipm»< 4 bp» 
tPpP <i#ip I w-pxwiifltMipaMPMPMapaMPiBPitBiMMPPaiMXppMacpppp.BpaMi pm* ppm 
ppp • PP • PMPM ap IP ap -» BVB'IMB MB PI P ap BP IP-BPPI- app . P»S 
P«p ipPXB PPP-BM- PHM 4 P P P-MaBMI aP- MB P I ap ^pp aPPP | MP«Q 

ipp immmrn ppBKpaapapwnippaPXPPPMvppappapPKpappBPPapp • bpppb ppi 


Ili:«pei IMP ''' I p 

PPB M*p*(B| Pt 



•PPPi PPPd a B XPPB-P- PMBP* BPBPXPB .— •IPBTPI IMIM 

pppato b«p*pi-b HB*Bi*Maipppp»MP»pp • 

PPPPMI PPPMB *• MVPpPaPPPPP •- «■ • aPPBP •■*■**? 


PPP’PB * 1*1 PPM MB B I , ■•BRIPPPMIB MPPPPI 

' f PPPP ^BBapaaPPXB -B I * • flBIBYPPPPP I I aPPPC I 
’ IPPPPXM ^•MMPPa'«PP• — B • MBXPPPPPPI appppa 

PPPP al I ♦ I BaPPPPMPWPPPPPBBPMB * a — m- * 
MPPPP «1 IB BPPPPPPPMPPP I - 
MPKPP BB * Bt * •• . « 

PPPPPPPP •■ •* • ••MPvwiaa 

I pBPPPPPPPPPmpppMPPPPPPP I I 
*1 PXPPPPXPPPPPMPPPPPa^ • 


ag. A- 5 . 6 (a),-. computer Output. 


ninm mtonAtm me^noup i.atotocMon* s.itssiunxeta iioixpixei,* 28iuwii« 4#jMioeRUB 8,it4i5 
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^jj*****"**"*^**** •««•■*••••***•»■*•* •«” 
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MMli kl •« il .1^ |.liM Ml I « I IP • IP I ••Mllpt MIM'«» •!.■» » •« I IPMBI IMBIalk 

ftr-:,.-|l. ih'iisrs. i\si -St.'S' j,- S' t‘.!S',s rsrjsi k.*,j 
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MMi w OMIII •J|#lljlll« Ml M^IMI MMMMI ftM •IMI-ftMft Ml Mt>MI.»MM M»M»ft 

Miiii I ft MM m m •••M * mi .m i *■ mimmm ^im • m» • M-t M «m i ••m • mm i imm i i 

SMM liMt MMM I I?M*’?M?**M'*"M"?M*"M*7M**MI*"M?TM“*M*rM*7MMft Kt 

• Imm imm* I mMI ll klM • M M*tMt«M««MIIMt«MI Mt IM • •MMI IMMM • 

I MM MMll IMlftlli iiMMMiiMMMaiMMMMMMMMMMMMMMMMMMMMMMMMMMMMM • IMMM 
«ilM k **m1|| 1m| ftM *IM kiMft IMI IMI -mi IM • Mft »Mt 4i IM ••M I I M I IMM- I 

VMM « I MM I ^«MM k •* « M I «MI 'M Ml 41 1 Ml *1 M • M I I M ft ~M»MM I I MM I I M 
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MMMMM • • I I • •• » .iw.liiK*? 
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Fig. A-5.6(b) 


Computer Output 


MIN* HERUnR* t.3i43JllPlXel,M Jjjawptxf?!.* 29i?BRMT*M S.74106eRlil* l*$f404BRta* 2*ISi»4 



ntm* cwt* wic. §«»»«««« »«•* jic».iis5«r.»i»».9i«’!.«iri**»»ritcnT.i8,««oo» 
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Fig. 
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•w.itE’ .at.- s *8 i ,r 8. 8‘ 8S.8. nj 
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g ikSift PPP*«PI m IPI P IP IPIIPI PI PI IP I p «pt IPP ppp ppx a 

PP«| TPPIiP*PPP»P»PPPPPP»PPPPPPPPPPPPPPPPPP»PPPPI tPPP PP •>? 

# Tpp fgi • pit PI piiPt PI p IPI IPI IPI IPI PI P»i pai .ppi IPP *« 

top Pill ipptip p P p IP p IPI PI p tp p •p PP ippiippp' *-* 

ppi Ppp |P IppPppppppppppppppppppppppppppppkpipi ippp ppp p 
iPl ipPI IP •IPI IPI IP IP PI IP IPIIPI P«P IPI «PIP IPP I IPPar * 

ill 111 •« «S ill PI PiiP IPIIPI piiP iPiiP •PPI IPP jmm M 


Ppp Ppp Ppppppppppppppppppppppppppppppppppppp ippi 

^ '.MP . IP PI PI PI P P IPI P IPI P aPI IPP 

Ppp I ppp I IPP p p p IP p PI p PIIP p PP •PP*' 

111 flip Ip .IppIppppppppIwpppppppppppppp'Ppi PP« 

tpppi PP • ^PI P P PI P P PI PI P PP I * mm 

lllp I iIIp •• lip I rPt^Pl Pll •PIIP*«P>*P**P -PPI I tPPPI 
ppp I ppp I • ^PPPPPPPPPPPPPPPPPPPPPPMPP I 'ppp 

* pjipj*. I . iS! I •» IpppT* * pSpp? * I p 

. ““““-I-H-I-IppIppi pipppi ipa 

I IPPPPPPPPPI I I fpppp . IPPP 

• I III PPPP f •PPPM 

IPPI I I I I IPPPPPPI 1 1 PPPP 

■PPPPPPI I IPPPPPPPP 1 1 , ••••■» 

• pppppppppppppppppi tppy 


tppar 

•PP 
ppp 

• IPPP 


III 


• I • 



A-5.6(c) - computer Output. 



r§*is# %Wt€m 44 * 4 »CI^ IftWAT* 4 €«r» JTCt.J 


100 



I • IV MKKai •«»»•»■ « • 
irMaMx«»»«»aiixw«ai«B»aiBia4' I 

• • • .» I I • « . ■ ♦ • . \m7 Zommmmm • 

•*!sz:^'i .T'i:iisssssssssss::mi-i "iKsr. . 

Hlintilli N I II VX WiA# ** •> #>• til ■• •>■••. XXXBll^ 

*l*’rJ"** • #■ w ♦xxxXKMt Ml ••• aaa«o oxmxx 

. J!ti-.?.?."*tS*?*'*l*' 5 ***’*^** ■ f ♦ I *ai»« 

^ i-o*! *»♦«*♦ tmmmth •*mmm 

** 4 <ii Yiii <i>MV<iiaa(«aMa*«xaaMa««avaaiiBa» ♦ 

rifiSS /f** *« I^P•••» Ml^iM !»«.•*♦ 4 *«IIB »« •■ •t.BXX B«a* IBM I 

«piiiiii» wMiwIi mmim 8)** (M •«• MX xx4>MX*i'aii ■ • «■ 

|«».KKXM|aiKKIIIIIIXXII IX 4-m MX «IIV** «•• BM B • • I B • 4 -X M l-BX^B' BBXtCBBS* 
MittXl « StlM) He XXXXXXMilBaBBXXBaBXMlBXBBBXXBXXXBXKB WBb' iSb- 
• BBli I lljiilll *«<ia»X»K**<MWM II • B B I MB XB MBBax* 1 X 4 - Bm^-BXBX v-l-BB* IBBK 
iBiW %H|I|IIM«*m|-x 1 mB IB mB »B .aix BX BX BXBB MB mBI 4 BmB» • •MTXXX BBX • 
lllilM «V BXVXXnUXXBBMBKBXXBXVBBXXBaXBKVBBXB HiX XBX 4 KXXI 
XM| 3 i f||ltX».IXXV Bl m** aB I.BIIBtt*HB» B I •X Bll iBmmB ■Bm*«-XBHS BX I 

ilPilixBXl XM 44 IB MB MB « X I M B 4 MX 4 I Bm B« B BI-xIMX 4 X 9 I mBXX I BB I 
«|M«X MBIjlX « XMXMMXXXBXXBXXBXBBKBBXBBXBXXBBXXXBXBBXBXXBB mxbb bbb 
XXBIMB iM fXMiw'IX mb -X I MK 4 HBm «Bm XM B B I MB mX OX. 4 IIBX MXBXlBXB 
BBXm *XBM iXMil«HXM|BM|pM BJ mXM IBI IB 4 •« IBI 1 Bm|X 4 »B* BX* t MBB - •bBX 

mxxxM' Bxt KMicarKXxxxxxxxxxxxxxxrxxxxxxxxxxxKxxxcxxxBx •mxb bbx 

fixtX**||XBMM •iX4X*XX •# IB 

BSIi M 4'llllX M ftXlBM«B4MB' - 


4 XXXM BB i 



’MniiXXBM4> 4 ^ ^ * " t • • • #4 4 .XBrnBI* MBBaMI 

XXXX *4 II M XBBVXXS** • Ml I •• f *4 m 4.3BBBBB ••tXBBCI 
IXBMir |Sx«MXXBB»!.M*m1 mxxbbbbxx 

BBBXI •! 4 •MXXBBBXBBXBXBBXBXB4 ^^rBXBX I 

***BBBXXI ••4M**#J XI i "m MIIXKBBXXB 
XBBBBBBX ' •■ I I *' 4BBBBBXBMI 

• XXBBBXXBBKBXBXVXBBXBXBXI • 
»MNexBXXBMBBXBBXBBXBXM • 

41 I IBKXXXXXXM I I 


rig. A-5.7(a) - computer output. 


«|Nm mtHHOn* 1,«li>»|5CM0R» S,ni20MPlXBt»M SlOtNFiXRl,* •i^,W9^tnnkf 17»6<»05?RRt.ix 4.'5«06IRRI»»» 5*«Teli 
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■ • iHxKvxvaiaii 


III iwiitiMiiiR I I * i • «i • •! •■ • • 4'XVWB'f' 

|MXiiB»«>» i I I IWBBUlBBaBBBaiN • I f i*bb5iibi 


•liBiivFF IMBUBIIltl 
Hii'inMilli *1 •»ik •»■»«>* *1 
H'll.li I I «li)MMiiii I • 


••*•••••• •• .*„ •••BBBBBat • I NBBB 

BMB>« *1 • ••NltBBB • • •••»a 

Bl • ^I•«•«BBB»B»BBB•<I * -^aBBa • «B 

0^ •> ■ ■ BWMBB'*' •• • IBBBBBI • • JmBBBBNII 

• oIBBB I mKBBBBBBBBB HBBBI' • •l-BBB* 


I lillMlIII M I IBBIWI I IB I **B»*IBo*«.B| • (MB-* I M BBB • t mBBB 

IliBBI »^BfH IMBB • *• l-BII^N.X-iBN-BI • • 4-BBB • HBBB I «TbbB I 

IwSll |w1i6I »«|AB| ^BIIilBBBBBBBBBBBBBBBBBBBxBBN taBB t 5 bB 
‘ifi* •* t Bl -iBBI I IBBI -BBB 

i MBii i I BBIV I ■ BB •» B.IIBtIBIIBl B* «B • aB I I B • MBB Mil BBB *■ •IBB 
IBBB iBBlII**. BB'* •BBIf BKBBBBBBBBBBBBBBBBBBBBBBBMB.B IBBB 
•BWl • I #«bT B *1* •IBI IB|MB*«aB •IBI Bit IB • •Bl IB-I ■ mBBI 

iBBil • tlMBMK • Bkllll • •B*«*«B • •B I **BB I IBBB • 

ABI JB •BB»BBBB<*BBMlBBBBBBaBBBBBBB«BBBBBa«BB • RBB I 

BBI I ! I §•» * IBR •« •IB •-B** *•« » •Bl IB • Bll IBBBBI IBI IB •••B4-B • IBB* 

§ mm • I BBB I I IB I IWIIBIIB •9*iB •Bi*.*BII BBBB J •Bl fBlllB •BMI BBB 
BB ABB»« IBB BBBBBBBBBBBBBBBBBBBBBBBBBKlBBBBBBaB IBB • MBB 

r.sist . =il Jrit.t! is : s ;.t .-w.-jsj is-.'s,- s.-ysjis.-is.* *s: 

IiIb «S'1| |5<n IBI IBI •Bl mb vIB • tBI -Bl Bl cIB ubiibbi •• 

BBB •lilB *1 lit •CilllBKNrBBBfiBBiilBSlBMtBBMrBBBaBBBBaBBBKBBBBaBBB *1 B 
« WBih • «<BlB. • IB •il*«««il I #B •IBBBB<«**BI •B • •B • «B ctB •MBIMBBI .•B 

SB* •lipB B lilt Mill V •IB • <B I IBBBBI' «BI *»l IB«»ia • ^B •MB-IBB • •B 

ll'fliWt Bill I IB IBMlBBiiBBBMBBBBBXBBBBBBBBBBXaBBBBaMiBBBBBBBB B 

fiBii mm » rnmSmtim m ••biFbi mt •bi •biibi «•<•! ai ^bi •bbi •b 

IBBB****! • IBII Si ill IB * ^ •IBI IB • ^«B •IB • B*-BIIBB»IBB 
•BEi El# ***piklMBBB»lBBBBBBBBBBBBBBBBBaBkBBaBBBBBBaBBBB I BIB 

‘h\-Si i s :is : t! ts . s'.siiK/ 
MS'jrfi- {fi.JtrsTKswTr.-jtrr-.-j-.KrR-.-JKSis- vs= 

1#BM •11 W •TbII •111 Ml • *B • •Bl *B MB •IB* tB- Bl I IBI MBBf •l-BB 

i itefilt « liKiiil Ml *#111 I iVll VMI •lIMVtK • J 

IBB •lllBBI lBIIBBBBBBB»»BB.BBBamBIWB«»BBBBBBBM 
girnimm m i BIMK*»t NBBn klBvIBI •B* B*«BI Bit ■BIIB*IBail "BB I •*«B 
*«B'aiBI SbBM • I B» I' NB**IIBM S I mBM mb •—BM MBN nB4>BB I '• mbBB I BB 
BBB M fSlBB I I « * • LxBB 

• BbB»* nBBB * I •*IMB* •> •IB • I Bl mB I •Bi**N • MBB- •! . ^BaB •• wbbb 

^BBB •! •BBBI I I I I BBB ••wBilBMIB •IBMBBBIII «i •BBBM •BBB I 
IBBW I BIBBBI I «llBBBBBBBBBBBaBBB- • I I BBBB- I BBBX 
B B BB I IIBliBB i I . I • •IBBBBBBBBBI .* 

I SmHlMI H • ■ • I .1 • .1 •' I •— BBMIB I • > — BBBB I 

Tbbbb • • -bbbbbB"* • ^ : • 1 • *. • -itSLl* • 


• IBBBBBBBBBBBBBBBBB- ••••■•*■ 

I* •• -bbbbbbbbbbbm* 

•Bii • • *• I • *• 

bMIBBBWI— • •• *1— BBBBBBBMI 

%»BBBBrBBBBBBBBBaXBBBBB» I 
I BwBBBBBBBBBBBBBBBBV) 


• •JSKSlUs.j. 


Fig* A-5.7(b) 


Computer Output 


ni»l« -•i'AXB ^EflRPitB «,<IO 0 OdCt*llOR*» j.OiOilMPiXBf*"' 333 a»*PtXB|,« .P. 40706 EtiAxa i*Ti 04 tRPt.lB a,a 3 i 3 }R||t,aa 2 .iSI«« 
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Fig. A-5.7(c) 


Computer Output 


PIP* M^AX* JliARflR* t.dO^OflCXROn* i,f»il9«Ml»I*et.« IjSawptxKL* aSlUAPtN* -4.|»7jTeAl|AX» lUtOltRittli l•099^4XRl.a« l,9fTA9 



tmm tfific* immmM am#* 3i€i-»ii#^?»«nr?«#iif#^inf«ff€RC»?»tt,t»©i® 
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MiKiipaiaraijiiMi » imumm ii i 

♦ itSS.*?*** • • • IIS." • •'*■* ••«“• 

. * • 1 llL ♦ I IH K»«sf»»»a*««aa»»Ha>r» I « •««*■* • v^kmb , 
tSLSS ! £155^ •••***^**' *’*••**■'* -•■« * laiBK 

• 4 |t ..•ttna«„'!K-s:-A-';r:r: 5 :sKt 5 :*- 5 *?i: aasi «£: 


llft«*HI«|| <«||| 


• •* Miaaitaicaaw « 


^ P^BiHittiiMMiiaaaxiiBBaaMMsaawvaMwwaaaaBKas I WKat ■•«•• 
ifilip I MIIHi pi B I H|B •«B«Ba«i • «K4 I B^4BCK» •4 ’B»m *•■>« 

»*wai I& Np wiliiB# m*-. m*- mmmmi^-m •««>» 3Sx • 

Mt^pM iPpt pii |Pp«iipaiipapaKBpapKBB'3epBa»BKBBaaEPKa»iB« XKPt'WaBBi 
IISB* *£!!f .*# * If M Ipi |P>*|M| IP-MBN IPIt UBiHiCM I MB | 

•fPP f (PPPM #p# 4 IP i • •B».4B*4p4. dBM IB I IB • «B-iB •♦Br • •oBBB I BB • 

ft'wlllll IBIb « BPMKXlpKpPWBBMlPBBBarBBBBBXtBBBBBxBBaBBBarBBKBB ■ BBB BBS 
•BPiniP i mb ^b •npiMsrt-'iBii b# « i ib ••^b i nb cb» 4Bb 4BB4ibbb 

WpffH ^Ppi iBmIbh B-iB4- «B»mB» I B 'xBx 0111 NB+mBmIBB* I MBB-IBBW 

HBfiia &6| «Btfi&iipWBPllBBPBBBPBBB»»aM(«B»BB««BBBa»arBMBBV I IBB BBB 
&PBM|I|1b«4« 1 BI»B*»P« IB |B| ♦PI NMBBaQIB4 «BN a»MB <>OB OB 4- >-faB- »»bB* I BBa 

Pppjf(4BP4 ip* P i #B4 MB M ««• Bl «BPM-B KB IB t •pt-o^BB • IBB I *«BK 

•■Pbb lppw» 1p*Btt»pa«|»»BaaBBBBBBBavBBBBBBmaxBBBaBaMBiCBaa« oibi bb-k 

IlliBI ilp t 'BBBIP*’ MB I Mp I MB 4» l*^B» 4B4 IBM»OI<f IB *aB I 4-B •-*B4-»BB»I MBB tBBB 
fipll |pB«4 BBPPM'tP'* IBIN iB* Bl OR • | B ' *4B 4-^MB~:aB * 1 Bf aRRB-BBB OCBB 1 BBR 
SpBl «plfPM' IBPBBPBBaBBBlpiBBBMBBBaBBBKBBBaBaBaaBBBaBBBBR 4aKB»«'fa«l 
4 iip*«»Mlp 4 iBHH«B**'Ra4 ai •P-4BI a*«*-Kfi**Bi 04 •a«>4-a:4-aBR»-raM • hbbi iBaa 
«aPM»ffi>MPH Bl BtlBIMB O 1 MB ••<B4-4B» -BR 4B4BB tBBaMMBBBI 
mplMl PitPI IP IwBPBPBBBBBBBBBBBBBBBBBBBBaBBBBBKMIiXi 4aBB I BBB 
i;lii%tt**f«ipM4 fPMBBM fp«»<KH|Bf •Plti^BxH.B *4x7 4K-4Br«- • B4 4BOB 4BB44IBBM 

BPPB' lllll « •! 'aNpt«B* •P'l MBI IBB IB* M-BN IB «4a»-aB • B MBB» *1 •ORB tORB » 

fBPB •fppK# I ' B*PBrBBBBB«BBBPaBaaKBBBBBBBBMtBBBBBKBBB laBB BBB 
MPBidl *BMI «N«P*lll«MP4 Bwla •MB 4BIOB4MB4 IB^IBMnBt •MBB-OBBI 
BPP I 4PPB • •••BB •*# 4B • MB«1 b«IIB<«IB4 B4-B-- 

liiiippl Pwa# •«BB»Piii«PwwBaBaBBaBBBBaB«aB'*aiaaBBBBa •bbb RaBw 

mBPPM f MBB-I iHBB# «BN4-B«-B 4B I IB •♦S4-4B4 *15-? * 

lfcPB»M4»ilB*» 4BB4HB* ♦*«M*OMB* .*4 MBM4B 4 ♦B «BB I - •*»*■**•«*■ 

BP«» •4«B«**M4«»BBRlB»aBBBBBBPBBBB»BBXBB»BBM4 • BBB MBB* 
pi Pi BIX f MB BB ••i*BD4l • •BMMB+MK4IBM4IOBBI ■ 

Zmmm* oi'Pbo • ♦ ipbbm iiB4iBMH*a*4BRa«BM. 

BBiBBO •.BPBBM««. •♦4*B*aaaaaBB»BBBBi 

aiBPBR I •MBpBllI •! (HXBBBBBBBBBM M • .iSEl'? 

iMPBB* 1 1 4 «aBaM 4 • *1 * • - j** w 25 ?f* 

BBBB I ♦l«*BRraKB«Jf#*»M I •• .1 •4II4KBBBBB • 

IBBMBMK I RBWaaBBaBM MMMM " 

BBBBM • •!! |M)i«BaaBBaKaBBBBBBB*l 
IBPapBItO • fOBBBBBBBBBBBwM * 

BBBBB • • *MM • *.11 * 

pBaBBBBBi •• I Ml • l♦BaaaBBKMl 

t wmmmmmmmmmmmmmmwmmmmmmx •• 

• ..pXBMBBBBBaBBBBBKBB* • 

• II •BBBBMCKBBM I I 


Pig. A-5.8(a) 


Computer Output 


niHm freftRQRB i.tittecRRORB 4,39«90riPXXSliB JIORPPIXKI,* J5|2E9 MXHb -i9,lil20ER»«X* J7.4»l©teRf.lB 4.ilj90KllttB S.94JT1 
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«i • •ii»w»w»»»a) • *1 


• « 'l(L___. 

I •■«*■» «.! • t « at 


• JssSr" 


mmm^ 

.US ' 


f a • at laiiBaiaima 
•I aa • • ♦ — 

i«*at«i»aat « a t a 
^ 


I •.•UMiaatva a < 
a MMaai»»a > 
*1 • 


,, iMimiH a * TL^ - - 

•«iipa»ii<»M ailiiiiiiiaiKw a •lintiHaaaa*' .a a HnMiB«rat««a » a 'HMwaitKN a tiaMMw a 

J;*Pi*l* li<ni«*'*‘ * t alfiiwi •.•••Maaaaxaaaaaiiiaiaia.. a .f.iBvai • . 

1 1 iaaiiii 1 1 i Miiali a ••lawl i a amt ••aa.«aai‘>*«MBia • taiK** • a «ai««a t ii»»aat 
Itoiiaii w «ts»Biil twmmtti a .*»iNBia. 4 ai.ii ii«i..a » 4 >aiBiai 
I'Mipilli mfiiiH . Mrak •liiiiiiiBttMivaa.MMaiaiaiwBHiBBBawBKBaiM mat» • 

.sm-.ssr. .iiv. .b: !«-.:& : is‘.!s. s:''i.‘.'s:'t:.':.‘£u.TTss.‘ 
i|»l .ifi "m t*.w.Ta-.attsw5’'.:s?'a".is??5t:B. . stss .'Bsat 

mfiik . mit§ « attnii jmi mi IB « <« » HBra t'B • ma .»»iiaa mt RBVI iBiaB.mM, 



"la at a .a a a '.•••■•aat a !•< 
iii*aiiiiaiBB 4- 1 •, .1 ■ I • •• •■atBiaaiBi 

•aaBBaaBii** a .a • • mBana******* ••^5*3”** 

• * "itta*aa»ti*at»taai« • a • 

*1 • * a * •.'irBiBBai a 

I !.• 1 |..aiK«Baitaa«i 

laiaiaiaBaiaBBKaiaaBBtaBMrt 

l»BBaiBB»«aaaaaiaaBiaBaiXMi«a 
.iraDBKBaiaw* - 



Fig. A-5. 8(b) - Computer Output. 


MiH* • 9 «AX» 9 F.RnnM 2 ,««fMc»iiiORai amnpneu* jfinMrii- -»,s 3979 finAx» t.i 479 SMi»i« a* 4 JiTieRLa« a.fsaat 



cooen COXE KMC. MKKTC. «4«NflI-K. ««OKR»T. J5«KI*. JKB* HC«.lM9RT.I)t«R.ol»B.»IMt..O|.irRC-.T.I0,000«« 


iUD 


I • • I •mrnmmmmmmm t ■ i 

I m$ i 


t *1 


• latMias* t •• t till tt* •« 

•••■■■I •! • ••aaiaisaivaimM *1 • 

• •• 11 !*»»■• 

. *. • •■■•■aifliM • t I KaiMavaiMai* i i i 

•< . »»■•»*» •« 0 • II •mmmmmm • t mm 

mmmm •» mmmm laiitii at iMMaiav ■ i lai 

»•*» • ■»•••*• • t I ■ t 

0«Mi « (MHiaii • *1 • « ■aaia.Hitt •! ■ .aiataHi • 

!■ <«■» •• t I Bvai • HKnaatsisaiHB* i«»» • i < 

R • •••■a ••• IB • cia a »•« *1 

• iiaiaiBi iiKBat •! • i a v a i oiitaia i ikb 


a I an 


t a» I •• I #• »t» < 


I • a « 


MB • I. 


MB* I IIRB 


HBitBiiB* mm.mm i m 

' •flti IB I iBi IB •ta»i iBf aai IB I * iia ■ iwi mm • 

rnmmmmmmmmmm i 


•B Hi • IBB t IBBB 


BBB >1 

«BB % 


BBBBBBBBBBBBBBBBBBBI 

HillBIIBIIBI Hit Hi! «BIIB>IBI HK^tBI HltlBI 

I m I IB vIB «IBt IB vIBI IBI "B IIBIIBIIBIIBolB* I BB . . 

BBB I I BBBBBBBBBBKBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBaB I HiBB BBB 
BB I BBB •HillBItBIIBItBiaBI HIIIBIfB •IBIIBI HI kiIBB HIB I BBB 

BB IB Hi ‘IBI IBI IBI IB •IBI IBI IBI IBI IBI IBI IBI Hi •IBB I BB I IBBB 

B IBMtBBBBBBKBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB t BB BBB 

IBIB •kBIIBIIBIIBI IBBBB ••B**BIIBIIBIIBI «B* •BBl I BB I IBBB 

BB B HillBI IBI IBI IBI IBBBB •IBI «BI Hil •BIIBI HI •IBB IBB I IBBB 

BBl I B HRBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB f a BB BBB 
BB • IBBB •IBI IBI IB •IBI IBI IBI IB •IB I IB»IBI •*! IB • HIB I HiB I IBBB 

BBB I IBBB •IBIIBI aB^IBI HiliB«HllfB»IB*IB<fBI m •IBB I BBB I IBBB 

BBB I I BBnaiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBKBBBB • IBBB BB I ■ 


I I IBB • IBB IIBIIBIIBIIBIIBIIBIIBIIBtIBI •BIIBI m IBB I IBM 

B| BBB I Hi BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB •B • I BBl 

I • HiB I IB • m • mt m$ ibi ibi ibiib • m •tm •ibiibiib mt ibb 

i • IBB • HilBI •BIIB«IB*IBIIBtlBIIB«»BI aB'IBI IBB • I BB I 
IB BBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBt I BBB I 
■ B*IIBBai *BI •Bl IBI IB •IBI IBI IBI «« •IBI HB I IBI IB • •BBl 

iBBlIBBB* IBBI B I I B I I B I I B I • B I IB I I B I I B I I B I I B I BB I BBB I I 

»BB» aBBBI BB I BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB • I IMB • 
IBBBI IBBI -BB- IB I IB I I B I I B I IB I I B I I B I I B I IBB • • HIB I H 

•BBB I IBBB II IBB •IB alBalB^^B •Hll Hit HBIIB IBB • I IBBB I IBI 

IBBB • IBBBI I IBBBBBBBBBBBBBBBBBBBBBBBBBBB • • BBB I Hll 
•BBB I HIBB mm ••!! •«»«B»«ai*IB*l • •BB • IBBB • •BBl 

•BBB* •BBB at I I BBB I I B t I B I I B • I B I BBB • I . .t tBBB I HBB I 
BBBBI IBBBB! • HiBSBBBBBBBBBBBB • I IBBBB* IBBBB 

IBBBB • -BaBB *1 II •BBBBBBBBB *1 • f HtBBB I . •BBBar 

IBBBB • •BBBB ••• IBIIII 11 IBBBBI I HiBBW 

IBBBB •! •VBBBBB •!• ■ lilt IBBBBBB • I •BBBX 


I *1 


• I 


Bit 

I < 


HtBBBBBBX I 


Fig, A-5.8(c) - Computer Output. 



H4<gO/257,«4 r64X«4 CHORD CH«E *»PlC« 84ifPlC« «4'«4’*Gt.C« 10&H>*AT* 3lt8» 3ICR«I|8ORT«OtlfP«dIIID«Olr8P*OPetC'*T*lrt,0OOOf» 



lig. A-5.9(a) - Computer Output. 


PIN. 1TE«8(IR« S.45422||PIXE**« JlOiWptXRU* 28HRRRtlf« -t7.R5ft3tERR4X« U.*HJ4fRRU* 5,4t4l4RRU* 4*57»t7 



HjiK 8«/257,«4 r64X*4 COOEO CORE «plC* 64 rPiC* 64»»*«GI*E« SOOMRATa i28KP« JKR* 3TCR*i XSORmH#P.OHfD«eir8P»OPEtC«»r»lO, 00000 
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• •! t 

• • 

f •*m:mmmmm*SmmmmSSmmmmmmmmm$i ■ 

vs* «••«■[» 4- •• *1 t • t 

I f iti I •Iff •••■••a tta <4«ssas» i 

-sacasB-fi a >••*>««•*•.»■■■« a- • ^a 
I a ■:»»»•• a *1 •••»*»»»•»«»«»«»»»■• • at asass'*- 
•wsawsH •-xsatasacaa aa a aa aassssaasw aaaaataast 
a «•«»*«! ai ^s««aa«tt I a a. • • a •• aKa«a»m-a a^-assaa 


»*• a >Ki 
I *«• a a V 
a salt a •m< 


tmmmm*- 9 —ummmm • •**mmmm 9 m»-»^mm ^mmmmmm • • » »mmmm .*-9 •^mmm t 

aasa^a aaaa* a a a~aaB»Maaaaaaaasavasaa*a a a avaaa a i aasaB a 
•aaa-fa^aaaaa a a u irm nv* a a a aHaBa»aiiaaa 

aaa •»aaa<4 a»BBBa«aa a.ns4-.«-aHaa-«--4aN a a -»aaa a a-aaa- aasai 
mm • »mmm 9 — ••aaa »a«a*««axaaa«aaaaaaaBaB -t-aav aaaaaaami 
avavaa# a«*B* aa- aaM»a**aa»naa ••au^aa aa a aaaa a -aa- nai 
I— —aaa a —aaa a a •a — aa-aaa— aa «a— — a«*a a-aa— *mm *9 •mmmm *•*: 
a •***« aa4 aaaaaaaiaBaaaaaaaaaaaaaaBaaaaavBa a -aaaaii 
-aa-*aMaa a a a -a a ••* a Na-naH ••aa -a-a aa aa— aa -bm a a vaaa 
•aaaa »aa-a •a-aan-aa aaa aaa a aa--aH •*>* -a aa -a-aa a •aaa a 
aaaM — B«>aHaaa*aaaaaxaBaaBaaavaaaaBaaaaaaaaa— a 4-aa • 
-aa • •a4-ia*^-ai»a<f-a-aanaa-«^aa «Baaan-a«*-a-Ma»a « •aa- 
•xaa •% -a •-* a aa««-a -aa-<>B a -a--a**aaaaa^« ta ••• a a ■a-a-a-f a laaa 
>aaa aaa BaKaaBaaBaaaaaaaamaaaaaBaaaaaaasaa -aa • 4aa 
•aaa va- a -a u -a a aa i aa- aa a ua-aav aav a a»-a-a a a 4a a — a i ^aa 
!aaa vaR -na-aan aa a -a a na- aa t-a-a a a a a v aa a a a a ♦aa va- aaai 
taa- «aaaBvaaaaBBaBaaaaBaBaaBaaaaaaaaaaaaaxaaaaaa f aaai 
la • aBaa-4a-ia-aa-iaa aa--aa aaa -a--aa va-aa-Hannaa a -ai 
IB* •a»an 4a I ••*« aa a a an aa-aa->*a-aaii -a-*»a I a a I 4a— aa • aa< 
aaa •a***aMaBacaKB*BcacaaaaB»aBaaaaa**Ba»aBBaaa*aa •laai 
_ -iiait na^*aau IB I -*•• aaaaaanan -a--a-aa-aa-4a**<t>aa • aa 
aa lana H 4a II -a- •a--a •»**** M-a-MB- aatt aa a -a a 4an aaa a .ai 

aa a aaia-ixi-a I -a a aa a -BN -a a aa— aa -a-— a-aa« •a--a--*a 

aat •aaBn 4 ai-a-aBN aaa aa-aaa va--a— aa»-a-iaa MavMaa • •aa: 
aaa Maam«a*caKa**a*BKaaaaBaaaaa«Baa*aaaa«aaaa* - aaar 
■aa- •a 4 -ita--a**-a— -aH-a‘**aR^— a— aa— a-— a >— aa 4 a«*> 4 at aBB 
aa *1 aaa a aa-iai-a — aaa aaa — a - aa a aa - ^ - aa-— B-4a 4 aB » laa 
•aaaa aa a laaaaaaaaaaaaaaaBaaaaaBaaaaaaaaBaaa— an aaaa 
vaaH •a»-a I -aa nail -a- MB a -a-ua--a--a-4a--B * 4 a 4 B a aaaM 
IBB 4 •— a»a aaaa 4a -a a-— a -••a a aa-— a — a a4— a« — a-4aa— • a naa a 

» aaaa a aaaBBvavaanaaaaaaaaaaaaaaaaaaaaaBaaa* * laaaa 
• •iiBBN I I Ma 4 I aa--a««-B— aa»^ia-tB«— a •— a — mb-— a— »aa a a mbbw a 
la (aBaai •laai a-f a- aa a -a •aaa -a aaB— a-»a>^«aMBa •>-aBB • <4 
1 1 a —aaa • i aa4aB«aaaaB*aa*aaaaaaa*aaaBaaaBaaii •bbb — lai 
»a a I -BBM a vaav aaa- •aa aB-aa-aa-aaa —a •-a-vaa — a ^ a aa- •vai 
■BB • •aaaM • aaB-4BM 4a44BR 4a44B-iia44-a44a*aa- • kBaa t aaa' 
taB4 •aaaa- a 4av«a«*aBBBB«aBaaBaaBa«Baaaaii a •Ba«nt4aai 
•aaaM 4aaai a a naa*- *1 iian-a-Ma-iia44-4aaa • MaaaM HBaa 
4aBaai-BBa-* a i -B«a-4BK-a4 a b-m a vaaa- •a • •-aB«4 a -aaa • 
aaaa** a -aaaa — I •4BaaaaaaaaaaaaaBM a • a— aaaaMa •aaan 

•aaaa- a ••****« • a * 1 -aaaaaaaaaH a • tanaaBa— —aaaa 
a aaaan • •-aaaa^ a a 4a**»***» aa Maaaa- a a naaaa 
•BBaai i iiaa»aa* 4 aii a i • • *1 aaaaaa-i a 4aaaa 
laaaaaR • t aaaaasaaa — a a a a laaaamaaaH •luaaaao 
a a aaaa- *11 -BaaaaaaaaaaaaaaaBN a • a •! aaaa • 
iaaaBa4a • *1 MaaaBaaaaaaB4 *1 1 a •laaaaaa 
iaaaBaBt«i • •— a* a* a**a iiaBaast 

i-n aia-*a a •naBaaaaaii a 


iB t —aaa 
B •aaaa 
IB aaaa 
>a I aaa 
ta •laax 
- taa a 
a MBB 
•aaa 
. •mmm 
a laaco 
a MBB a 

•BBT 


a II 


a 


M 


Fig. A-5.9(b) 


Computer Output 


min* OEHROR* 2.91597CRROR* 3.077oJi«PlREt.« J3320PIXEU« aonERRlH* -O.OiafiOOERROX* •.47933ERtil« 3* i0402EHt,2* 3*»U37 
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• t (■••»■«■»»«»»■»«»«■»»*«» «f 
■ »■««»«*» •! I ■ • t • • • •• •■»»««»*• • 

« ••« •••Ifittlll i| •!»•»»« *1 

• *1 >1 •mmimmmmwmmwtm •* t « •»»■>■» • 

■ataa • * ■ i •■■■■««« • • it •MawMSK •• t 

■■ »• •wiwsav *1 • • III •vaaiKM » t • 

■ •II t • • I I i I • • t I •«>••» '»• t»M«V*» 

• ••»Mi • I I •• • . t tmmmm • mmmmi 

•mmmm • »^mmmm» ^mmmmt »mmmm 

mmmtt • •ibbbi •bbbbbbbbbb-^bbi iibbb* . ^bbb « 

aBlaBllvai^tBIII 1 MB I • 1 m»B » IBBB • 

. ••Bt-BI»>BI IBt • ••*»BBI I HKBB • -BBB • 

IBS I I SaiB I • BIB I •aXCBBWBBKaiBBBBBBBBBBBBB •■BB I I BBB I I BBB I 
B • . -BB I •BBI IB > 4il «•! >• •!£ • « • tB • •B I IBB •! -BB • BIBB 
I • •BBBI -BBI It •B^aB**** aBI 4i«BI«<B**B» I BB I IBBB • IBBI 
t IBBB • .BB f tBBBBaBBBBBBBBBBBBBBBBBB»BBBB«>BB I •BBB IBBI 
laBI fB**B**B«*B • .B ••B*.*B*<B»«B .IB aB • •BBI MM 

•BB *1 •B*iB«iBi m • mm • •m • m • •b • -b • -b •ibb i ibbb • i bi 

.IB MiBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBB • IBBi •€ 

I^BB • •B|4B««B«*BI<B vIB • aB • •« * BIBBB * Mi • tB •IBIB • IBB • IB 

BBB I I Mil Mi • Mi •IB • -B • -B • •B • IB •IBBBB * Mi •IBt IBIBI IBBB I ■■ 


IBBB • '-BB 


II I 


•BBB IBB* IBB ^ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB I BB I I BB t BBB 

MiB • •BB I Mil •BI>B*IB*«B**BI«B*<B*«B»«B •.•B •.Ml •IBI -B I IBBI IBB 
. 1 * •••B.Mi.B.jB..B.^B.B*Mi*«B .^ • .B .IB • «B I IBBB I IBB I 


IBBB I IBB I IB 


I BBB I IBB 


BBBBBBBBBBB. I .BB 

• mmm ii»i «w«M»>*«c -iB -IB • .B • MIBI MBb ■ i 

IBIB *••« .Mi *Mi ••B«*a«»B •«B ••B**B*«B««B*IBI aBB I t BB I I 
IB •BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI I BB 
IB •Bl IB flB • iB • «B • .BBBBI •B .• -B .* •B • .Ml • •B t | B •.•BBI IBB I 
I IB«B.|Bt«B*Mi«tB« .BBBB .aB^IB •Mi* 4 B.MI*«B • BB I I BB I I 
I IB laBBBBBBBaBBBBBBBBBBBBBBXBBBBBBBBBBBBBXBBBt I BBI 
• IBBB .IB • Mi • «B • Mi • •B • «B • -B • • •B • Mi • Ml .IBI 


e I li 


i» 11 


1 1 !■ 


11 «i 


■ BBBBBBBBBBBBBBBBBBBBBBBBBBBBXBBBBBBBBBBB • IBBB 
•XXI IB-I IB • •B • <« • •« • -a • aB • Mi •IB • Mi • Mi • Mi .IBI ^Ml I IBB* • 

I IBB* IBB I IB • -B • •B .IB • «B • •B • •B • •B * «B • B « B .IB -BBI *BB | iB 

I I BBB I 1 X 1 BBBBBBBBBBBBBBBBBBBBBBBBBXBBBBBBBB B • I BBB I IB 

• BB I IBI B.B*B •B*B*B*B*.B*BI B*B •••B IBI IBB • B 

• . I BB • IB~B**B*B*BI Bl Mi*B««B*B«B*BI IBB • MiB I IB 

I I BBB I BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBKBB I I BBB I IBB 
ill .BBI IB>*I B*B*B»B.«B*IB*B*B*B*IB .-B * IBB • IBM 
IBt IBBB • IBBI Bl B •IB • Bl B*B*B»B* Bl B BBI IBBBI tBBB 
iB • «BBB I •BBIBBXBBBBBBBBBBBBBBBBBBBXBBa.BBBB • IBBB* BXa 
IBB • BB I IBB- B .IB • B .« B I B •IB • B .IB • BB • • IBB • BBBI 

•BraailBBBII aBB .IB l IB t iB .IB l IB l IB l IBI IB-BB •• -BBBI IBBB* 

IBBBI •BBB* I IBBBBBBBBBBBBBBBBBBBBBBBiBBB • • IBBBI aBBrn 

■BBB I IBBB I I aBB 1111 aB alB • •B I .«B I • •IBB •• —BBB •. IBBB 
•BBB • . MiBB •! I •BBB • aB • .B • ^B • aB-BBB • I . .1 I BBB • . •BBB • 
BBBB • MiMBB • • I XBBBBBBBBBBBBBB IBBax • .BaBZ 

IBBBB* .BBBB *1 I I I BBBBBBBBB •! I I I BBBB I •XBBX 

•XBBBI • »BaBa| 11 ' illli III 11 •BBBB •! IBBBB 

•BBBB •! •BBBBBBI I I •. | | III .BBBBBB • I •BBBX 

IBBBBX • IBBBBBBBB •• It MiMBaBMBX •! •BBBBX 
•BBBB I I II •BBBBBBBBBBBBBBBBB .I t • MiBaB I 
•BBBBB •! II IBBBBBBBBBBX *11 I IBBBBX 

I IXBBBB all III! Illli 11 •IBBBBB • 

•BBaBBBBBII II *1 •! I •BBBBBBBZ • 

•BBBBBBBBBBBBBBBBBBBBBBB I 


Fig. A-5.9(c) 


Computer Output. 


KlRi - 5 RMb 4 ERR 0 RB 1 * 81 J 3 ICRR 0 R» 1 .i 53 | 4 l»RlXEli« 3332 »»PlXEU* aSllERRiR* - 4 * 83 to 4 ERRRX» 4 . 1 TtR 3 ERl.lB l,»* 44 oeRt.a» Uil 0 Rft 
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mtttmmmmmmm-** •-■»«««•«»«■ 

» *>3 **-3 

«>asMat«i 1 m • »o»K.mmm • 

4*»»»K4 »»<>■ f z»:KaavK»aK»»Ka»KKa«> 

■ »x«Bxio •••tOKwxBxaxxB t-**R4.«'4>f cax«B»B«a» iRivxaaiBi 
•-4»B»B •■««»»«« •X**l tt • .. *4 

•-«WBBK4« • 0««»a04i>a •• •»« •■«.■•••• • • 4>*»aiaiM4«- zxaam 

•laaaa 4 azmaaiars^- 4BaBX4.a»rMia • 

4»»aia;M| MKKaa4 m >^**-tmmmmmar*~^mmv>mmaemm^*»$ » t •<mmmmo •ammmm 
»BBK 4 cZKaz avBBBXKvaBBwszxB- a • iicacBiat » 

• a«a4 •Mmaia*- i • aanoM 4xn*acao«ziHi«~<4 ■•-«»« a aaaia* a aaaia i - 
»»BB •»a;aBt 4ica ••av*icarz#w«-CB*<4»i4a ao*Km4 4 *4BBBa aaaiBB 

•^ax**aa»x» 4»uxaiu»>>(«x«aa«awatKKBa«ai«eB««aiaaB*-i 4> •aaiM'a 4ataa • 

a»»Bic oBa* .laavtc ••B4-BBaBa*«B»-i«4*-B4*BaB»a «aaa44 c»b*bxbbb 

••aa*4 ■aXaiB4*a4XX 4iB44B»4K4i-lB»4fla*«BC»4B«MBB BB44BBXa •BBBK-* a 4aiBa I 
4aCBBC <4 •HBBB 4 I aitBiC UB a»B»BBBBataraatBaB»aBBa B3»BB»B*4BX B a 4BBBBBBBB 
BBBI>*4ABaiie tOBlO I 4BlABBtOaBI» 4B •B'lBa «B-OBCHi«MBB BBI4 -Bat^4 aMBBM'a«4BBa 
•RaBB N BBBB B •x-.arB* «4aiBIMBo*»B4>-(B44B4BB» ••B a a B 4 4B 4*-4BMaaa» 4 •• rBBBB 4«3BBaC a 
iaBB4a—BBO 4>« •BBBBaaCBBBBBBBBBBBBaaBBaBBBBBiaBBBBBCBa OBBB 
IBBB B aZBBC* ••*«4ZC4Z«»aU*<B4^B4B4«B4aB4t0BBBBI04B^BBM»-BZB» |4B*M I -mmv 
I BBB U NMCBBB •^Bt-tOB B 4IB««»B»IIBB 4»Ml»rBM>«BM 44aBXB BlOB a 4BM B BmbI 4> a BBNI» 4.BBX ■ 
4B«BB4-BB* 4WX aBB»Ba;BaKBBK»BarBB«FBBZBBBBB»BBBBBaXB4BB I IB:BK«4aw»B I 
oaaa ‘•IMBBZ«4>»MZ -au 4B» 4BBBBM«B4-t»B4nB4 4BB4B» 4B* BBH-aBB BBM t*4BB:04*^B • 

Baaac aaaB» b Bra a 4 bb b»B 4»B4 BBt4V4B»><v4BM4»<0HB* bbm BB4»B'4caaii»a:r a bbbb a «bb a 

I BtBB 4BBX I •MtaaCBBBBBMBiBBBXBBlBtBBBBwBBXBBBBBBBlBBBCBazBBBBm 4>BBBBI ^BB 
• aBBi44BBa 4BBB4r.4BH«B »4B 4* » B* BI04BtC *>BIQ 4B « BB 4* B' B 4 B I S B B>-BB • 4BB4 aBBB 
•KBB 4 •'•BB4 BBZBuauaB* 4B4 4B» xB 44 B HI4B4 4B M 4 B- 4B 4 4B* » BmoSBuS. B BB* t 4BBB BBBZ 
4KBB4aaa(** «Bt~BSrBBiBaaBca:aBKBBKBBBBBBrarBl3»B»BB»a'B»»BB«BXBBB • •4BB aBBB 
. BBB4 4BBMI -maBBXBM 4B I 4B|1 aa:4«-BBBBZBBMBB» aB4U»Ba 4B 4 BBr^OBB B •MBBB’BBBB 
•Batat44aiBi4 4BBaOBB»-i»»» 4Bi ••B-4Bat«BH3B4i»4 4BCaB a 4B43Bv:iCBB*«a 4BBB 4BBB 
•<BBariUBB4 a BVJBtapaBBacBBaBBBBBBBBBBKBBaCBeBBBBVBBflCBBBXBBBBB a >^Bar^*BBM 
BBBI tf aaa a •~BKa3«B44aCB4B-B M4«CB«:>>HB*-'aBtC4B»-tBBB 4BaMB 44.BM«C>BBa a 4BB •MBBaB 
BBB •nBB9C4— BaiB»4OBM4BCI0UBa 44B 4 4B B 4aBMB4>«0BC4»B*-4 B BO 4iat»«B4MBB 4>IBBBB BBB 
CBB»'~'BiBB4 a3iB)«atB»aiB3BBaBB»la»BtBB'^SBBiBBaBrBarKBBBBBaBBBB 4 4XBB^aBB*> 
4aeKa 44BX4 ••bob 8B4*B>-4 •B44BBmiBB4*B»4B44B44BmBB>4*-«K«-OBh 7IOB4 •4BB4ai-4Ba 
••BBB B 4BB4<» aBZ4*-'B4l-iailO IB4 f BB BBB»B a BB B« B B 4B» MB a 4B4 I-'BmBB • •MBB4 4BBB I 
IBBB •IBBtaa 4X I I BBBBBBaBfl:BB«BBBBBBXBaraCBBBBBBBB«BBBZ43B a •♦BBB a • BBB 
BBeB 4B 4Bai4 B ••BMBBa llXa4BKBB* BB B 4B 4K« B MBM« B 4MX B 4BMMBr B B a»BB* 4*4BB4 
•'BBS I 4BB*« t a •HKOBBBBB 4a40B4BBM4BaBae» BBB-«Bi»40BB — B— »BMIm B B ♦BBB •BBB • 
•BBC •♦BBB 4 • B«B«BB«aiB»BB»BBBlBBmarB»arBB*BWBVBBBB»BB • ••BBB * BBX 
BBBO a HaB4 a a* BB B 4B»»aMaB:» 4B BB-BB aBBZB<-lBBMBBMi4BO>-«B4 *8 4aB4**ZBB • 
IBBa-»BBB-a BBB •4B -MB B 4B 4 *B » W B4 4BM «Bm 4 B 4 -B C-B* BB • B OBBB 4 B BBB t 
BBIBIOa •«■««» 4BaaB>4KB«BBBaiBSBeB3B:«BaarBXBB«CBB«atBBWa —BBB *I«'BB4 
BBBBMt4BB* BmXBM-BBmmR* 4B tMBB4B4M»»-MBM-B:iC»H.BBa4 4BB4-BBB3a 
HBBB4 4XBBB • 4XBMtOB B B B4» OXZV9BZ 4X4-I4BOMIKWWB4 BCM B •* B MBBB4 — BBB B 
mmmm 4»BZ 4 a 4«lk BBzaCBiaBBBBBKVBaaBBBBBXBBBBBa 4 a BBM a ♦BBZ 
•BBKZBOXBB • B 4BXX4-44B MXaBXM(0«~4 4B»M4XBBB a ♦ BBB B 4IOBtBB B 

4BBB4 •BCBWO a a ♦BBBiainaBMBBrZlOBBawBOBtZBi-l. •B.B-4BBCBB*>4BBBa 

BBBxoi4Bcava4B** ♦BaBXBaBaaaaBazaB— a a atAzaaiBB ••tBBBM 
a BaaaMi atmiKBaic • a •iMXBBBXBaEBBB4 4.a va a a4BaBB t a 4BBBa 
•aaaaa •H«BBaao4aaa • • «♦ •a — aa* a •444MBaB4« aaaa44 a 

BBBBIB 4 4MXBBRBZZB a a t ••B B B 4 4 MflsaaiBBB •— — 4»BatO' B 
•ritxaaax i ••(i9JWBaxBBB444M4— 4axaaa»BB4B a BBBaaM 
■aBBB 4 B I 4aiOM[Ka;BBBBBBZacBBWaZBM a •— a» BBBwa 
BBaaaa— lo a« a oBxBBa«BaBBS44 a 4 a zbbbbzb 
•BB aacBL-— 44 — a»a mbb *-8 a 4 t -bmbbbxb 
XBaaaatBw- •a BB a B4a** BMBBBaaBM»a 
I ixBBaacaB»akaaBB»aBBB»ax •a 
a — xxaBBBBBazBBBcaaacBaat* • 
a a •azBXBxaMBBB- a 


Fig. A-5.10(a) - Computer Output. 


iBa •.IIBAXa IMimfJM 5 .llfia»C«R 0 Ra <i.2oS02N'»l*iU IIOtRRTXRli* 2 SiWntnm .iR^asaiScRRM* li,l«44ftl5RL|a 4,atl0»RRt2a 
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t *1 * • 


■ « 1 


Maatattssvs-*-** t i 

I a tiKaaa* • 4 - • ttt 0 a«t*ia »a t ia»-sKa«»*a 
MaaaaB4-i i • •Ba«aaxaaaaKa4- • »4 -kx»vb-> 

I I • I *1 >••»»» «- 

a «■•««« a -•»»»■»«■ • *1 1 a •tmmMmmmmm* • a ••aiaaaa • 

a •*««««>• *1 .• •••*«««««»■• I a 

•••*■»♦ ••Haaaa'*>a • aa •! at a a* a a a^'aaaaaMt 
a»»a»** a -aa»KB a a #■. #• a««aaBa -aaaai 
• asaaa- • itwaaaN a a«*aaaia4a « n « Maawiva m a a a naaaa-*- a Baaaa t 

-■•s-aaaaK^a a a NK»KV 4 K»K»K«va»K»a»aM a a a a^Kav*>a Mwaa. 
a naaa-a- a it«««a a •a-aaa- • a —aii aKSHkiiar^-a-aMa a a a •*•«««*• 

a aaaaRx a«*aiBB 0 a«*«KKKMa* • 4 <a'K 0 4 >afca*aa»<*-»ii a a **• vaar a a»*»ai»** •*•»»■! 
aaaaiw •aanBaia . ••N«ia»-*s»««aiaiai»aiaa>aitt'a>«aaai«!M«aiaia-Bi'ata> ^aiaa •wmmm 
aiKaiBa I aiaa« a «««« *«ati aa 4 -*<ft«<»a«BK •••««»■*•*•* a b»» ■ • ■•an -a-aa 
laaaii oaaa •a *<aa *4 a •a aw • 4 ax»a*«Ma*»aa m mmh .•»«••»» a »»«<«> a Rmaa^Rna 
•aaaiaaaau aa#' aaaaa»aaaaaaaaaaaaaaaaaaaaaa 8 »aa • aiaaat«B 
4 -aa*^ **•« M aa -a-a** •a**iia»Ma««RMM-*-a-«>iia*«Naii<Ha>*^*ii**a**Na 4 ' a a »aaa ♦ 

•aaaiamaaa aaa*> •aafi»4aH«a***>a;<»-aa ia*4»««iM*<a4-4>aM-v»*4»a • *88810 

••aaa tmm*- ca Maaaaaaaaaaavaaa8aaaaa88S8aa8amsaa8aii a a^aa • 
aaa-iaaaa •a'f a8iiHa-484*48*<MaB*>8**ii8»>R88a8M«8a>saa<fa*-<af taaw • 
aaaa *888 ^atta •-aa -8M Ra"*<a*«*«8<*«a>***8 u »8aaa« »aii -aa 4aua4- a ^aama 
'888 •aaa* *88 aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa a «-8K i 
aa-i-iuaa* wau i •«a4**8»*«a*4«>a«**a*«M8**a8a-84 aattNav aa**«-a**Kat ^aaM 
>aa~aaa»a it84*44-aii**8M*4a*<-8<*ata«— 8*>ii8ai**«»-8n'-8-»8*'4'8tt4-8it' *888 

188 1888 - •aaaacaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaas *8 888 

188 *888 • aaaan «8-t8U-8R 18 — 8-ai8--8-lt8-»8-H8-a8-4'84 1188 • -88 
taaiaaa* •B»a4 48-«8 4-a--8 0 - 8 R-a»M 8 — atittav-a-aa •a-av aaa • laa 
i88 8 *88 a I a 8-8a»8888KB8K88888888»88888888888888888*88* a a *88 
caaiaaaa •aH84-u8B-a4-«s— a-i8888'4aaR-8-ii8**-8H-aB ♦aM^aa • aaa 
ta* I *88 1 88 118 11 «-8M aan 88 n -8 a 118888 n-8U4aM 884— a-tta-^aia-aa a aaa 




•888 4 <88 •S8--8«M8a-8--8IIH8-««M Ba--8M 18 ■— 811-88 *1 -88 


488- •8» -48M Mail -8N ll84-8«Ba— au-a-nan vaa -a 8 484*88 II 

M88 a 188 1 t 188 I • 8 M -8 - 18 « I 8 I -8 -1 8- 8 8 --8 I I8H •'8ID8 148 488 » I 88 » 
888 1 *8881 18 I I 8888888X88888888888888888888888888184 —8881 

■ 881 14881 «8--8- 118-484 18 N «8-tl8«n8-M8M 18 I 48H 18 I 4848 a 18811 

■884 1884 •nar-48— — 81 4811— 8M-aK— 8«— 8 — 1811 -84n8H nBR488M •• 188 *1 
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Fig. A-5. 10(c) - Computer Output. 
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Fig. A-5.11(a) - Computer Output. 
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Hg. A-5. 11(b) - Computer Output. 
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I aaaMMaaxM HxmawaaaaaxxaaaaaaaxKaxaaxaaaxaaMaaxaaxaxxaaR Rxaa4 4aac 

••Kaa*-»^aao 1 ^aaaxxxcarx Rcaowsxcayoaxoas cxiocaaca oca R aax xaa4 Kaa»-<«aax 
RaaaR 4aa»4 1 axxaxxaaowoxaxiQxxsaacoaoioxxxiKtooaooxxxxxxaxzaa* tMaa4»aaR 
4aa»« 4a»* • 4a» ■r7>aavaa»wa«>a»«aaaacxaaaa»aa9»mMxaaaaaaaa4 •«Ra4 4aaai 
-aaaRMBaR •4xxxzxxooa(qu3MOzaooaaaaxoaooaaoaxxxw3oaoxaxxaa4 .•■ax»i«KaR 
MaaaM«aaB 1 4«xaxxazxxccaycav:caaaaoxaovax«3axaiZKCaocax 9aa4 Miaa* aaa« 
4aaa 4»aa4 4XXMaxa«MawxaaaaaaBaaaxwaxxaaxaxxaxaaaaaxMaa4 *Ka44aaai 
t aaa« 4aaM •^aaaazwzoaocaccxcxwyyaoxMZzaxcwiocxtczKCxKz caa* taaa 4 4 aas 

I Ma«44aBan 4aBaxxxzQMxzaxRMOO«oo*(OzaxxKOoaxu9azioxoxaxzaa4**aaa» ••aai 

»aa» 4vaa» •»aaa«awav3;aaa»awaaxaawaKaxaxaaxzaaxaamaxaaioi»xaa»-'»aaa 
»xaz4«oaaM aaauaxaiozax RaooaDzaxioazoaxoxRoaxoazzaoxaxaa* •>^aaa4xaa 
4aaik4*>aa« •4ax4 a»s:zax<oacaaccarzaw>axooa«za2xaxxaxax«:xa4 «caa»n4aaa 1 
Maaa4 4aaa» **824 4Xaaa:aKax«aawaK waaaaaaaaaaxxaaaaaxxzzMM4aaKR 4aaa 
aaaR M«aaM •Rxacazcxzxaxzxrcaozazx RcicxxcoxxzxxDaazaaa- 1 aaav:44aa4 
a waa I t^axM ■ •••aawozxxoazxwotovzzaxxxaiaxoxxxxaiAsxMxaaa a •aaa4«»xaa • 

• aac«4vax« **ca»x»aaaa waaaaaaaxaaawaaaaxvaaKaaaax^t 4aaa-aaa« 
zaax RMaaa — ausawMoazzaotqazoazzaMOXOxazxwxRxxoaxaaa •• • aaaa4zaa*> 
aaax 4»>faaa»-< •4Ka4ax>oza<iox«?cxoxaocax«QazxMocao*caaxB4 •a:.aaa4Raaat 
I aa«'»M4i'aax» •-•aa'KiKaxBwaaxKaxxaaaaaaaaaaMixawaaaaa 4aaa««oaa4 

4aaa«3 a Raa« • -•caax^'zax zxzza axacoBOcaoxaxvsxxxaa^^a • aa a a 4* max 
waa«44aBa»«* wDaaoxxxxaxvwxxaxoaxzaxxxxxaaxaMa I aaaa»4aaBB 
trnmmx -aaaa» a RxxaaaaaxMvavvaaaaaaaaxaaaaaaioa • ••aax4»«»aaQ 
aaaax(4(oxaa4 t •4tt>axaxxav}axzaxxaxxxxo2awxa 4 iMmaa4 4 Wxaat 
• aaaanav^aaxna — I 4 aoxaaMarxxaxazxxaaxxa** 1 *4 aaaa» 4 »-iaBa«> 

• aaaaoH axBwa»^4 ■ • 4z-«axaaaaaaaaaaMai-4 • a 1 tzaaax444aaa» 
-aaawo-MxxaaxB •• 1 «>»-nraaaa«aaaaMa 4**a •4aaaaa44i-<aaaB 

••aaaaMa 4zaaaxz»<iR 4*4444»4* ■ *4aaaBaaa»*««oaaa*4a 
I aaaaMR- 4wxaaaKXZB 4R 1 1 ••• • ^aMcaaaaaaa 4 4Mxaa>4i 

■ xaaaxzN •••xaaaaazaxn»>^a»«ioaxaaaaaa a 4a*aaaa* 

I 4KBaziAii a 4iHzaaaaaamzaaaaaaaax«Q4**4MoaaaxM 
t axaaavMa • •» 4xxxaaaaxaaaBa*-<<a 4«*a zwaaao 1 
4aaK»wi>'«»« 444M44VHa4aaM4»44z»aaBxa 
•oraaaaaaxMii 4»444« B44 ■ 4zaaaaaaca4 

I I 4»a»aaaxaaazKaxzaaaaxmax •*! 

I axzaaaaxaaaaaaaaaaaaa * 

■ •-4cx»zax«»Ba •! 


Fig. A— 5.12(a) 
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• — t-H a 

i • *««>aiaiai«aa«Kai)»aiHi«*t • **«-a»aa«-*- 

* t • •• t a t ••*•'«•»«» « 

ummmmm4 - 1 >*»-mmmmmmmmn—m'^t •‘4-mmmmmmmm* —t *mmmmm — 
•*-«««»«■•-« f a««««K» • a a . • t .•.••aa»»»a««ai »*' ««««a 
4-aaasa • • at a^vakaaa-^ 


t«>M •• a-aaaaaKiiaaa*-** a aa 
»■ a Ma-Kaaaao*-** aika«a«» a • a a 


♦ataaa i . a •*♦*«»*♦» aawaaaavKavaaxttai a a aaaaaa- •a-«aaa> 

a 4-«a«» • a-aaa w a •»*«;»>•■ a •• a w a a-«a«a>jr a-aiaata 

•*«■*•«> •a-aaa*- a aaesa-^a a •a--<K<-i*<4s» MK>-«>4K»aia a-Dwaa •a-atftaaa- •'«'K»aa • 

♦ aavatt^Mvaiwii a a«ai«»'a-aeac«a«««aa»aifltMaaa>«ai«tKaiacacMawaaa- a 
a-Kv*«i»«:»w a ♦««« a«a'a-a»a-Kaa«»«a-*-a-a««K«a*aa-««-a'a a-Kaa* ai>aa«>« 
••«a«a - 1 •^«aa>*a a-sK-a-xa a-aaa-aaa-aaa-aa-a-a* #■«♦♦«» aMKac» a —mmrn*- 
••mmm » ••«sKa»«B*K»a»»a««aaaa»aBK»a»»»aoac«a a-aaaaaaaaa 
»««» a aaaai a*aaa- a aa-a-aa a>«a»m»* M**«a-»v» ♦•aa-va-a-aii a aaaaaao<«aa 
••aiaiaiMMaKaaf* >*Biaaa a«aaa»»aaa«aa«aa«aaa»a«»»«»ava»aaa ■*«»-««•« 
a-a«>a t««» a-x-i«aaa»«a«aa*»a««a«aaaaa«aaaaa««aa««A»a> a-^aa-- •aaan 
•aaaa aaaB- Maa ataea a-aa»a>ia-aa'a-a»a-aa-a'aa-M-aaaBia a-a»»a»»aoa» Maaa •-aa* 
•HBraaH aaaa** •aa««iiiiaa'aaa-»aa»aaa-aa>»aa-aa» a-Maaa* •■m» araa-Ma»a» a a aaa-iaaaai 
itaaa •••aa*- aaai » •aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaa'aax a »-iaa a aaa« 
>Hia» •a-aaa a'aa •ua* aaa a-aaa'a* aiia-vaa-a'a* aa* a-aa ••a* aBa-o^aw aan aaaaaaaa 
aaaii»aaaii aaa naaaaaa aaa»aa»aaaaa»aaaaaaa»aaaaaa>^a»aaa -aaaaaaa 
aaaa »a aaau '•aaaaaaaaaaaaaaaKaaaaaaaamaaaaaaaaaaaaaaKaaa a **aaa •aaa 
•aaB-MaaH a aaa» ^a a aaa aaa aa aaaaaa a aa a aaa aa a«-a aaa a-^aa » aa a aaa-taa 
a aaa •• aaa** -oasaa ^aaaaa aaa aaa aaa a a aaaa aaa aaaaaaaaM-4aaaaa»** MaauMaa 
aaaaw-aaM a Mmaaavaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaxa ••aa i taa 
.laaa n »aa-« »aaaaama aaa aaa aaaaaaaaaaaaaaaaaaaaaaaa'^aa»-taa- iiaa-naa 

•aaa aVaa** i tlaMaaKaaaaaKaaaaaaaaaaamaaaaaaaaaamaaaaaaaaa** •aaT laa 
•aaa I naaai i aaaH •^a a aaa aaaaaa a aa aaa aaaaaa aaaaaa aa a aaa aaa**i aaaa •aa 
I aaa n xaBa • i maaM^aa aaa aaa aa aaaa aa aaaa aaa aaaa aaaaa aaa a aa»* ••aaa ••■aa 
aaa-iaaa- aaaaaaaaaaaaamaaaamaaaaaaaaaaaaaaaaaaaaacaa -aaa — aa 
naaa ••laaii ‘-awaaBa aaa aaaaaa aaaaaaaaa aaaaaaaaaaaa-«a-«wa- -aaataaa 
taaaK-aaa I -aa-Maaaaaaaa aaa aaa aaaaaaaaa aaa aaa aaa^^aa aa-> aaa— aaa 
•aaa-— aaa • aai • aBaaaamaaaaaaaaaaaaaaaaaaaaaawaaaaaaa ^ NBaai aaaa 
•aaaiiaaaii • waaaaaaaaaaaaaaaaaaaaaaaaaaaa^^aaaaa—aaa • — aaainaaa 
mmm-H tiaaa •aaoaa aaa-taa aaa aaa aaaaaaaaaaaaaaaaaa>>«aaa •! aaaa i aaa < 
•aa«f laaai • «« vatiaaaavaaaaaaaaaaaaaaasaaaaaaaaaaa- taaai-aaa 
awaa •waaa I I aaviN aaaa aaaaa aaaaaaaaaaaaaaaaaaaaaoaai • »aaa aaaa- 
t aaa -••aaa a I -aaa i aaaaa aaaaBaaaaaaaaaaaaaaaaaai aaf •aaaa--aaa 
•aaaaaaaaa- m aa-»aaaaaaaaaaaaaaaaaaaaaaaaBaaaaaa ■aaaataa«*4 
■ aaaa i aaaa i aaa«QMaaa aaa aaaaaaaaa aaa aaa aaa aaa a *1 aaaa •aaaai 
Maaa-— aaaa • aaa aa aa ••<aH<H«a«>Ma«a~<a aaaaiiaM-iaoaaa • aaaat •aaai 
•aaaa •aaaaa i i a aaaaaaaaaaaaaaamaaaaamaaaaaa • aaaaa •aaaa 
aaaaaiaaaaa i i aaaoa aM aaaaa# aMaaat>-<a*aaa.af aaaaa i aaaai 
aaaaa •aaaaa- ii aa a aa a aa a a«4aaaa aaaaaa — • •i aaaaa* aaaai 
• aaaaa ••■aaaaa I — aaaaaaaaaaaaaaaa# • • • aaaaaa t aaaaa 
-aaaaa I aaaaaa • • i -■ aaaaaaaaaaa — i ■ i a aaaaa i aaaaa 
■ aaaaa •-aaBaa^^a i • — » — - — • — -aaaaaai •aaaaa 

-aaaaa- aaaaaaa-i--« i . ■ — -aaaaaaaa • •» aaaa 
laaaaa# •! aaaaBaaaBaa — a — •#aaaaaa«B» -• aaaaBa 
• aaaaaa I • --aaaaaaaaaaaaaaaaaaa • I •-aaaaai 
■ aaaaa-tM •— • aaBaaaaaaaaa# — i a a —aaaaaa • 

•tiaaaaaa-a •i-i— «i— -i«— •!— i«»aaaaai 


Fig. A-5. 12(b) 
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• I • •• •t *1 


•«*W9at** *1 • •••swsBBVsai'i 
4 >MBB«BaatKK«*l •« 
■ mBB****-* • • • 

BB**! •— BBBB «»••« 

B *4 IBBBBp. • I •! -aBBBBI 


»BBBBB-**t »-BBBB-l 
xBBBBBBBB— *1 ■ BBBBB t 
. # * »- BBmBBB- •-BBBBI 


■ BBB > «ai 


B • II 
B • 

B • pBI 
•• •Bl 
J «B 


I BBB • ‘ 
•BBB • ' 
I BBB I 


I BBB 4 
-«B I • 
•BB-I 
•BBB 


•BBB • oBI 


• -BBB • —I 
I BBB • ••BB • 

..bbx omm- 
I BBB • aBBB • 
••Ba» I ‘-BB** 
•BBB • •BBB' 

• bbb *4 I —mm- 
• BBBI ••Bl 


••BBB-4 « BBB--BBBBBBBBBB-fBBB*- • .•••BBB- WbbB** 

•BBBI f— Ba«*J -BM —a^a-B — IIB • • —-BB*- • --BBa*- ••BBBB 

• BBir mBBBB • •! I IB-HB-BBB ilB« • ♦BBB • • • IBBB-* -BBB i 

BBI • -BB—fl BBBBaaBBBBBBBBBBaBBBBB^Ba— • laBB-^aBBt 
M- -BB- «B--B I -B a -B-IB-— B--B--HK •tBB-l -BB- -BBBI 

■ • — BB— • •••B--B4*miB — ••Bl — B — — B4-*HB — — B— •♦aBB— •BBB— ‘-BBB 

M> IBB- J»BBBBBBBBBBacBBBBBBBBBBBBBBBBB4-BB • -BBB t cBBa I 

••B— aB — -B -•4B-*>a — •B-— B — — B-— B— — B — IB a-B— -BB— — BB — 
•BBi •-B--B--B— B — B“-B--ai— B--B--B-aiBB • -BBa • •BBS I 
aBMBBBBBBaaBBBBBBBBBBBBBBBBBaBBBBBBBBB- -BB • — BB t 
•B-aB--B--B— B--B — B--B--BBBB--B— B— B + B • tBB- -BBB 
-m • •B4*-B--B--B--a->HB-aB-IBBBB — -a— a-BB-B- -BBa • aaBB 
RBI IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB-BB • -BB • -aBB I 
B- IB I «B-*»B--B«-a I ••a— B--B— B--B— Bf «a --a • •aa- -aai 
r-l «B— B--B«-B--B--a**-B--B--B-»*a--B-RB--B- -aBB ♦ •BBI 

■ BBBBXBBBaaBBaBBBBBaBBBaBBaBBBBBBaaBBBBaaa •IBBB ••BBB 
BBtt-BI -B— B--Ba-BI-B--a--B — B--B-aB--B— BB • -BB • •BBB 

♦ B»*BB4»-B«-B--B-IB**«a-«B--a--B--B--a«-B«»4BB • -BB * -aBB 
-BBBBXBBBBBBBBBBBBBBBBBaKBKaBBBBBBBBBBBBBB • IBB •IBBB 

-a-«>B4«iB— a— a-'-BBBa— a— a— a— B— Bl -B— aa • .-aa -iBaB 
-B-nB a -B--B-aB-*.BBBa--B--B--B--B— B--B**-BB • -BB • •BBB 
♦BBKBBBBBaBaaBaaaaBBBBBBBaaaBaBaBaBBaBBaBB. * aaa •ibbb 

"-B-IIB--B— a--B— B--a--a--B--B— a— B-liB--BB • -BB •IBBB 
Bli na--B--a-iB— a— a--B«— a— B--B— at -B--aB • -Baa • taaB 
BBBBXKBaaBKBBBBBBBBBBBBKaBaaBBBBBaiKaBBBB— •BBB -IBBI 

!♦ •tiB*4-B--B--B-«B--a-«a--a— B--B--B-Ha-4>B • •aa-i-aa • 
B • a--a— a--B--B--B-*4a--a— B--B--ai-B-Ba • -aa • •bbb 

a •! BXBBXaBBxa»BBB*BBBBBBBBBBBBBBBBBBB-a- -BaB • •BBB 
••-IB--B--B--B--B--B--B--a--a~— B--B-«B<«-a • 4aB- aBBa 
-a4.B4«-a— a--B— ai -a-*aB»-B--B— ai-*aif RBB- laa • -aa • 
•bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb • -Baa ••bbb 
-B 4- ...a--B-.^»— B«-a— a— B-«B--B--B»»4.B- — aa- -aai 

4. aai .ai -a— a--B I -B--B--a--B--B--BiiaB • .-BBB • -Baa 
1 • • Ba-t-maBBBBBBaaBBaBBaaaBBBBBaaBBaBa— aaBB— — biBO 

I- I -BB<*- •-a— ai -B--a I -B-i»-iB-tB-aBB-i -aai -bbbi 
IB — 1 -Ba-Ha-uaiiiia--a'-— aw— aa— BBiia4-BB— I — aaa • -Baai 
laai 1 — aiKBaBBBa«aBBaK»a«BaBaBBaBaa— ■ laaai —aaa 
••aaai .-aa^— •-a--a--a--a-— ♦aa- • -aaa-i-aaai 
-aaa- * •-Baa--B--a-i a--a ♦aaa- • --Baa- -aaai 

- -Baaa- •-aaaaaaaaaaaaaaa- • -aaaa- -aaaa 
I- -aaaa- « . • — aavaaaaaa- • • . — aaaaii-aaaB 

BB- •-BBBB- • • ••••••••• ••-BBBBI • -BBBB 

IBB- • -aaaBBB- • •! • • a-BBBBBB- a-BBBB 

BBBBa— I -BKBBKBBB— • • • •! — BBBBBBBB— • — BBBBB 
I -BBBB«4 • • •-BBBBBBBBBBBBBBBBB- • • •-BBBBI ' 

laBBBB— • • •-BBBBBBBBaBB— • • •— BBBBWI 


BO I 


Fig. A-5. 12(c) - Computer Output. 
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• • • • ^ • St • 

t • •• ■ i ».♦ • 


> ■ « x 3 «««* ssatjtaaa I *’i ♦ 

.•t« N««a»«cxB3««3i»n3(jacKa^«^xAsaKai»»< 

• a « N.«a««»»r«'3 ««*«X«X«VC««TI|SXJex«3«l«»««lX<^ • 

* •xaaaawcxcxvKaaKftcczKaaaaaoxc.xxioieattoaaaaa’'*- ■ 1 1 

• 1 BtaaaicxHvsxxawaaxcaxKKaaavscKawcKittKzzcoaaa ♦.• 

• •• aaaa f 

• .. .. ♦aaaxotexKaaoxmaaaiKaxzsataacaKKKxaaaMrxxrxxoxaaa^ . | 

• I ai*aaa cxavaax'JB «aa«a c «axx««t««a(»«fle«aracaaxa«x«%aaaM • 
at a waaaiAieoxaaaaaaxxaaawxxxxxMaxKKaaxaKKaavaaxowxaaait a a 

•*aaaaax>«acaaaaxtna(axaaa<xx.aa«x«aac«aa3xxaaxxxzu9xzaaa • • 

I I •aBxxxwaaavaaaaxaBaxxatoaaaxcacaaaiaaxxaKaKaxwMaa'KaB I 

• Haaaxv9MXxmKaa««aaaaaKa«xx>«<««B«caaaxacaso-4«iMaaaxxx>^xaaai** 

• iaaxcoxaawaa«Baa»KKx«Ka«&Mta»aam.aaz«KaKOXxwaxaaaoBxcaa • 

• Ma«BJ33ii3zowaaaaaaKa«aaaaaxaxa«xaa«aaaxa:^aaxa3aa«xx(oxaaj9 i 

•BaKaxxawMixxaaaa««aaaw.Kii4aKaKaxxM»a)KBaKxxaa«M(XxaxciflCKaa« 

I aaaxuaxaaaawcxmaaaaaaacaaaaaxaviozxxaaaaKaxaacaxzxxatOBaaa i 
'»aaaNOwaKxaaaaK«««aaaaaavxaaM(aa30ztoxaa«xaBaxKaa«exvxxxBflCt 
iiaaxxxxaaa«a«aaaaa«3«(«aa««aaaaacav)=Mz3aaaaa«xx«xxz3V3iOXBaat 
aaaoxxKaKawxxwxawaraaBxxaasaKaaKKXxoxoxaaaKxxxxoaoxoooMaaB • 
BazxzxxaaxazwaaaaaawazaBaaxaxaxza^xxoMXXxaaiirxxoxaOMOXtoaaa. ^ 
aazMoxxKvaxxoMrrxaBarxxoxxKxaaaMaaxaixtcOdcaoawxwxBxxxMOzooaaax ( 
aaaMXMXxxxaxxnaaxaaxMatKBBaBBataKaaxiAxaxxvaBiKXMixatX'/toaoxzaaa i 
aa*»«rtzo»‘x»r»xxr.aQa»x‘«'>xaw««a«ik»>Bxo«x»vjoQxmaa»aax»K*>«x»xxw»aaxii » 
aai/iiX4»oajpM(Acnr>'»a«*xx>axn^a«ra«'aaaa«rfr»rsnti93^0«>xaaa««a^axxax*^MXzaaa<4^ 
aaxxxoxaxaxaxxxaBwr.oiKxa'aaaBiaacjLXO oa • axtxaa.xaKvx>«MX«xi4xooaaaM 
raartMxiaMBatxiMraxvwaaiMxnxarawicaM* « a MMaa«.Maa a-tsixaataxBOZoOM-avsxMaaa „ 
MaxxszMtaaaMBViacTaxaxznaaaaxaM a.wBvwxwMiMixo«Xfc«a«M a 

Ba;A3otn>«axaaaaxxaaaaiaix>aKaaa4- a •*• aa aM*a*.M a*a^»M(a«0)«aaaaxxa(oiia*> 
»aaxxomaa«xaawxxKaa«MKKXaa»H aa*i,M>i acMwaaaxxiMxxxaaa 

I aazozxxaaaaaaBMivaaaaMixaaa-a- a Mt as 4 - 1 a mM n* xaaaaiaMiaxxxzt/aaaa a 

aaaxvjQwaaccaaaaxvaaaxcamaccwK# Ma«>4>aa4-a*a ■•♦xxxvaaaaxaotoxaaa • 

• aw»XT*«**»«*»*t«««a*««««a«a*««4a4a a4.**a M^wxaaawxaax'acx^xaaa 

• 4aaaoTca«axo«x»cxxaa«K«aKaKm«BX«wM«tt a a ♦CKwax«axMXocxMaraaa> a 

« I aazoTXMmzoxwaaaaxaaarBBBBzvacBatcaca^-jftXMK'aazwaxxaxavanraaa • 
t MaaaocooxaaaaxaKxaaaaaaKBwatXMvxaaxaacxaxxxxaacwwxxxpxaa a 
* *1 aaaxoxx««K«««x«K««]xaa«xxMcazxaaacaxaK«aa«u3aK«warxiixx8i a 
MKawNrMzsrBzavaKwxrwxxBaxxxzaxxcxv.vaxacvazaxaMaacnxiAxaa a 

■ •aaaaxoxxwaavaaawsxxcaMraxaoxMaxK'aaaaxaraBaxonMBaaa' i 

I aawx^xxKasaKxKXMKzxxxaxxxxBXxaaxaaxaasaxBCvjKBa t a 

• N a aaaaMxoaavraKxr MiBaaaavaKvauswacBKaxaazsKMiziooxaaa i a 


■ • 

11 ■ 


anxuxtrtzOBaaaxaaaBxxaxaBxxxa 

♦aaaaxsxMvsxaaxaaBxaxxocwaoxaaxaaxcwxxawvi 
a N aaaazaxBawaaxamaaauazxxaxaatVMxaxxxaaa-a I 
•• a 4 aaiKBXXX MCXMIKMCXXXXXU»<AZ.X»aSC(CXCXXBMK I »l 
ft a M»ai«mxx £ x33><-4Xa>««zozx3 oz *3xx«a«8 i 

la a 4 I KB[Bai»za.xxv:ccx«}zar^axcoKatx«xai a a • 

a « BBBasiBaxxzzOBXxxxaBBaBaai at a 
I a I a a I MaiB8x»ataixmB»XBKS«xa»B4 a 


la 114 1 


a a| a II 


► a I 


Fig. B-5. 17 (a) -Computer Output 
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Hg. B-5. 17(b) 
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• I • , • • • • 

• t I I t ali •« •• •• • I • • 

• ••■♦t • 

• ■ • » mt tm^mmmmmmwrnmumm-nwrmmm* m • 

• I •• • 

•• »«*«««-< a «a-3««a»aaa« #• ♦ 

• •f««>a»«a«0*-«K«2(i3«ia=i4KK=iaxax3aaaa«a: m . 

• •>i«a»aioza«a}r««K«atAs:««ac««;«nexo«xoo«izaMawaE;* •• • 

• • ••••ao3ttaoxa«w«»»*x«acKvaK«c«««;sK«K»(Xx«o%a«ia I ♦ 

• • aavaaK-a^aaactaaaa ««aa3«««aa«a«««Kaa«a3«aa««a«a • 

• ... .M^aaaxxQMiaataQX'MiaaKwacxzxzaacaaaKXKaKKxaaiXaoxaaa*' . ■ 

• • • aa«««a axaaaaxa'Jtaaaaavaa «x «a««««a««««a«aaaaa«««aa * 

•• • ««K«iaaOMa;x««KacwMzx«»K»zxzxxia««r«c;KaaKK«a»»«Mt«zz<ox«aa<*' • • 

• xaaaoxzwxxxvxsxawaxaxxxzxxxxxaaxxaxxxxxxxxxx'/ixsaxai • 

• • aaaxxzacKxxxaxvxxxwxxxxoxxaKxxxxKxxxxzmxKwxxctxxt'Xxat i 

• M«aax3ioxxaxxv««««axa«axKXxxxx<Ka«XKaxacsBaxa«xxsxaxx«XM 

■ • • xazcoxa wMiwBcsaiKaaiKKKxxxawxaaaxaxxmxxxcxxMiKxaxxzaxxax ■ 

• '-xxaoatoaxxwxaxxxxxamaxmxaxxKxvxxaaxmaTxaxxxiaxaaxxs'^axaX’iS 
• ■ •‘aBxoxxKWMzxxKm.axxaaawxxxxcxxxxcxxMxxxxxxxMMrxxxxDcoxaaa 
I «ai««cu)«xaxxaKiii«xtt«x>«aaxaxaKaKxa3xxx««xxKXKxaxaxxxxa.9aKaxa 
•awaxusoaiaxvxxxaxxxKxaKxvBtaxaxMKxcoxoxxxxxxxxxxxxxxxasxXKX 
lAaaxxxxvaxxaxaaaxxKxaxxxxaxxwxraaocoxx’vcxaaxxxxxxxxaMoxxxx 
.ataaiozKxaxawKXMixaxaxaaKXKaaaKaawzxzOxoxaxaKxaxxxwoxoonKiaa 
. .••aaxxxxxmaxaxaxaamamamaxaaaaKaxaaxmxxotAxxxaaxxxoxanaoxoaa 
■ • aaxv>oxxaxXxxzM(Xva:axx<»zaaaxaaawaaxxxv)Otnv;zaaxwxaaxxMC3xooaia 
• aaaoxtnxx vxMtxxxaaxaxxoiiifavaaaaawravzxMXtnxxxxx^a^aaxviOMOX'saa 


. xaarazQxaxwarxxzxaiRwxz’pcvara 
• I aazinK<-(>c|Baxi«xxx««a«.<txnx«aa 


mmmwrwut axo*)'X-a x**a«aaxx*oxaxiB*o»a! 

-«<>4u Ma •••* ♦■sdixa«a«a»erx*iw‘-*v4ana< 

.. — a ••• •A-atacatawarxxiMXOMXiAMi 

cz«aaaaxaxaaM«-*«M| v^ri a M^a • — *'» waxxaaxxazxaaat 
Mszazmawaixwaaa a «te MtMt >4'axwaxx«xx azxxai 

a«aaaBaa4axaai«H i ■ ■ ■•aa»xaaa«aa«xzzzoxa7 

xaacavBXxaaaxKwWMN •• 4- i.t •'♦xKxxaaaaxxctcxMai 
aaBaxraxaaataaaarBWBaaaaacacaBaMw* x>-it ♦••a a^-axaBaaaxaaxxQxaai 
• I -t-aaazxzaxKXzviTaxKaxaxxaxBKaxxxKMMa 1 1 axxxaacxazaxzcx a xaai 
aBxnx«Kzz3aaxaaaaaaaaKaaaa:a:a:a[XM<a«-vsaaa««xa«X««aav)ox«a‘ 
•HaBXzoooxaaaa;zaiva:«aaaaaaaaaKzaaxKxaaKxxaxzxaawxxzaa« 
I • aaa «ozzxxaaaxxaxaB»taaazMxx««xa-4<xxaaaKxa3axx«xzv3xx«- 
• •^'aaaatnzacavBarBacarxaxaxaxxxvxarTtxxa'arzzwaiaxaza'Mrwananxaa I 
I •'Baa KQXXacaiaaaBaaoxxacMxxzzaTKaaxaaaaaaxaaaxootAaaa* 

I I Baxx*-<«xzBta:axaxxcxzxx«az«zzu»FXBaxaxaaxxaxxcv3XaB •• 

• N ••aaaav)xoaKaKKxxMaKBzaKaa;ot/}xaaa««Kataxa«aziAzaaaa •! 

1. 1 ♦ataaxzzcwiwMiaxaaMaaaKBawzzaaxaxxaxmxaaBxicxaBBa 
ta Mt ■a-aaaaizxtAaozOiMaaaxaraBBXXzaaxxMKaxaiaa «zzMaaa*> • 

I a a>aBxawxz(Oi/:zMaaaaaxaxxozaKzxxaxxaxz(OzzaiBB-*> a 
a • 4- •aaaaixiAxviKaBaxaaaxaozxxaxxaKMtxaxzxaaaa a a 
• ■ Kxaxxxa xxMMXXxcxxMwozxxaxicxoxaaaax *1 

a a a »•» iixaxxxx«30xM XM«xx3X33xxxTzxxaaaa a 
a a a » I xaaaxxvsz-xoocxviziea a7xzxBxa»B»a a 
I I •^axxaaaa zax zxiJ^X'UTxaaaaaaa a a a a 
a a I a • •! tiBBa»B»aaa«x»ai»xx«»x»B4 a 

• I I a I at a a •» 4xaxx«xxaixxaxx«* *•! a 
• .a a •*•••4 a »b 


iBX-ta 
lav * 

laiai-^ 
'>«« a . 

»«' a 


Fig. B-5.18(a) 


Computer Output 


N1N> .IOHAA* UePRO»l* l.42«»CMOK. 1 .5U04«PlXtC* lJ04NPI«ei.t 25t2l!PNIN> .9.«»I7 JEP»»X« 10, J7074e«l.l* l.*»»2ke»L2« 2.27147 
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Fig.- B-5. 18(b) 


Computer Output 




itCMii 




HAMVl T/257,$4 f64<44 CDOEO PICTUREMPIC* 64HPIC* S4H4II6LE« lOOHRAf*- 25fcKP* 3KB«. iIZR*210dRTBOiKPa0iif0«(|tf|pB0pgll*}f<fBlO^O00Q0 


125 



Fig. B-5. 18(c) 


Computer Output 


MiNa •2HA<» iERRO*** 0,2lT29Crt4UKa 0,2i248UPtXEUa 3312*<PlitKl*a 25I2ERHINW 
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• t t . • f • « 

• ■ ftiiiivia • t«i 

• • • ^ ^ • 

•• * * ** ♦*«*«5S?**«* *?5?S*S**55«»«5* ♦! » 

• • ■ ««t« Wfl««tv««c«cc4i4cir'Ac«<4e.STaa««s«w • 

• ^■(.••■oacacac«XK«-K«ftcxai««aiac«cxsa:ac«ooKTB««a«» •■ • 

• I 4i«aaa;x«oox:wi]KMiktf:s3kx:ciKaEKaratKC««:ar«iE«ws;sxox»«t»i ♦ 

• .a.aaaazaMa;aazxmaaKaaszxaaaaa«aKKKa«a3Kaxa:xczaaa» . . 1 . 

• t.t Naaa<«a «aaaaax3naaaaaca»««««aaaaaa««aaaa«a«avaaaii • 

• •• aaaaciozxaaaaaMorxaaaasxxxxcaaaaaaaaaaaaaMtaxxoxaaa'*- •• 

• aaaa33zxaaaaaax3wa«aaxxKaaax«aa«axax%aaaxxx3U3Zxaaa t 1 
I • •aaaxzxa«aacaaaBxaaa«awsaaaxaxKaKaaxxxaacwzxcax»aaa**i 
I N aaaxoutxxaaaaxaaaaaaaaaaxxaaaaaaaxaaaxataaxaaaxzxaaaaa** 

•••aaxcczB wwaaxaaaaxcxaKaaaaaaaaaaxaaaaaoxawMixaaxziAxzaa** 

» aaaoouioxzMi'aaKaKaaaaaaaaaaaaaxxmaaaaaiMiazaxxazaaazztoxaa'JS 
HazxczxwxwzKaaamKaaaaamaaaKaaxxoaawaKaaxaaaMttaazooozaaB ■ 
Baaxvix'zaaaaawtaaaaaaaaaaaazaaaoozz vaaamaaaaaxaxxxzausaaaa • 
■eaX(C3waKaaa«axaaKaaavaaaazaM(axaQOOxaaxMaaaKKa«BTzazzxaa« 
aazzxxKaaxaaaaaaaaaaaaaaaaaxaxaaouizzwaaaaxxxxxazot/ioozaaH 
aazzaaavmMtaaaKaaaaaaaxaaaaxaaxKZOOzozaxaaxazxzaozOOOiO'aaM 
BZzzai^aaKaxMraaaaaaaaMliBVBaaxaaaaXMZzouixaaaaxaazXNOaoxsaaa 
ax.vioxxK«xxzzwaaxaaxzzaM(aaaaaMaaxazMO«>MzaM»a**raazz(nozoxaaa 
a«3Xtn«xcx«f«x.zaaxaxzn'«iiaaaaaaBwaaaxu)xiQzzBaxaiaB'«ax30tftozTaaa 
axz<nzoxzzzzaxiaxxxnzaaaKaaxaazzMvxMoox%aavazaaKBxzx»Mxaaa 
azx-«naz<A(Ar>zz«xxxxxa<«a4raaaaaa>«rv7ntf3izv>«> wwaaaaaxxx^vtzotnzxaaa 
Bxxznx.wx'M'vaxxxaaMXZBaaaaaza^Hontoaa.* BwaxaaaxwozMziAxoxaaa 
aznz><xaaa>i^axz>tfaaaao««a««aB<^M m**n 

aTzozwaaaatzBazaMiBzxzaaaawx-fr ■ H ••••«■••••■ « ■•M^aaaawxxxxzOMXi^aa#' 

aza30xa«aaaaxxaaaaaXM«aaa»<*Mi *••• i M^-i-^MaxzBaaaazza oaa*> 
aaxxowaaaaaaaaxaaaawxxMtaaM —I M*.«>aiamBXCBwxMzxaaaB 

aaxaz'««aaaxaax««azaaaH<zaa'M(^«>**l • 1 • 4> ••m N»xaaaaaaax«zzo«aa • 

aaxvaez«v«Kaa«xaaaa««««azKax»^ii >.«-xKaaaaaa«aowxaaa 1 

>^a«zxxazza>«a«tMi«a«cBK«aa«awaa«z-4«>i^l a ^^xaa’aaawaaaaxoxaaa < 

«‘aaBXzzKaaxzaTaa«aaK«xa«axazaxxw>-«4’ • 1 •'XaxaKwzxxzoxiizaaM' 
Ml aaxoY«xzz3Z>«aaaaaaaaaa«aaa"«xaK«<x«-'^a«v*azx«xzzz«(oaxaaM '« 
•4-aazzozcxBzaaaaaaaaaaaaxaNcaxwaaaxaaaaaaaxxxKawaxzcaai 
•I aaaxoxxaKxaaKKaKaazaaaxaKzaazazazaaKaaazaxxwxzMxaa « • 

• * aaaEaMxwawwawwxwwz'v vaxxrzaaa’zaaaza'vxaaBzznaaa • • 

••aaax3x«i>«Kaaaa«ai«zzx««aaxzz«xvaK«aaaaax«aaxzov3aa« » • 

I •aaaxazxxazacaKzcaxMcxaazxzzwzxaaxazaaxaaaxcMzaai 1 
• •oHaaaauaTzaa aaaxxX’aa'aaazza'^'j^xvaavaaaaxaaMzusz saaz •! 

• I . «aaaBzzOMMMa««aMiaxavaawzzaa;xvaxa«axKa«xiAxaaaB 
lilt ‘A'aaaazxtozozOMaaaKamaaxxzaaxx'aKaaawazzzrvBBa* I 

• t •'«iaKaxxzvav}x»m«maaMiaKaQziKaxx«ava«zzv3xxaBa'4- 1 

■ I ■«> •aaaaxvaxiAcwaaazaaKaazxx xzaaaaaaxzxaaa-*- 

• It aaazzx MzxwMxxsKXzusMCzxaexzvszzzxaaa** 

• If •*' M aaazaaaoa ZM xu3x«zosoaz3szxaaaaaa * I 

• I I » •‘xaaaaxoxxcaoxtozv:* axxTxaaaaaM • • 

I • -•vaaaaaaax xxxuszre raaaaaaaa I I 1 

• I I I « • «-*-aaaaaaaaaaaaaaaaaaa* ■ 

• I « » • •• •« t-axxaaaxaaaaaaa* X • 1 

It 1 1 I • •••♦- • 


19 (a) 


Computer Output. 



CODED PICTURCHPIC* 64KP1Cb 64>IANCLfB 200 ||RA¥b iSVKps 3KB« >8URtBAlifpBdillOaeiriiPsoPKBCNfs|0,Oddofi 
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Fig- B-5. 19(b) 


Computer Output 







H*ili-r/25l\«4 ferJ44X4l CSOCi) PlCfUHEMPiC* 6««PIC« 64(IAMGU*. I90»R4I« fc4KP» JM* 34CK»Ui»«MT«Ol(lp«0U©*eiriP«dMERCllT«l ».4d09C 
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• ^ II •till# I ♦♦#■1 » 

III t • • * 

• ••IS I 4>»»CK«l»ft«afllllK»«S«KaiaBfllB»«>|. 

•I I I I ■I'i ■ 

• ».••• ■■••»»K«za£«! 3 ri««aiiKac« 3 o/tss;«Ka»«a *11. 

f . •vaas'xxacacaarKavaftaaranaaazxxaacaexKxaaaa**' «• • 

•I I •waaKsKozxoAKavasaacaaaKXvaamKsaiKawxxxxxaaaii «• 

• • •«««*« 'cvcxasccav* 

• maaaxxcaxMiazxittKttXNraftxxxKXK^aaacKKaKXXxxkxxttsaaki* . t. 

• • • «««««««««■» mmw'wrn j 

• I •MaaaxxossKwatawxxaaaxxxxxxxvxcKaaaaxxaMvwaaxexKaa#' I • 

••aaaaxxxxaxxaaaxzaa'Mamxzxa'KXXxaaaaavxavaaxxxx'JizxavaMi 

• •! ataasxKZvaaKaKaaxaaaxxwsxaKXVxxMvaxxxxKvwxxcilZkKaKaw 1 

• *-wmw'KOv>'Mxm:mimMm:mmMmm!Wimmm: m mxmmm'mmmmm:m:mmxx:sMmmMm*MXta»Mmmm 

I •uaavxoa icMw ««««*«*« xKKaiKKvwvaexaBaKvaaaisxxswMxasxziQxxaaw 

• •^Kx«x3<AzxzMKSv«KaxKaa««««icaa««saa««aatM«xvaMax«««zxv3«s«3 • 

• ♦aBxxxxsxMaKaasaamacasaKaKKKKXxxKaxacKaKKaMMaaamoeoxvaai 

I laaa BOs»a«««aaaxa«a««««««««««ax3xx«a«a:K«K««a«axxx*3'Aa»sxi t 
••t'XaxeKXMaaaaaxaaKaaavsaaattavaxxxxoxvaxMvaaxKmvaxx.Hxxs.'Ba^ • 

• oaaxa’rxaaaKVaaaaaaaaaaaawaaaaaaaDOoxzaaaaavxaaaaaautoxaxa^- 

• aaiixx«aaaaaaaaKaaaaaa««aaaaaaaMaxxoaoxaaaaaayayxa«o.-oooaao • 
.•••aatticx«aaaaa’«waaaaaaaaaa«Maa«aaaa«a'zaO(AxaaaK«««aX'U)Oii:nzzaaa.i 

• «aa‘K(AOxxawaxiKzw«aaaaxxirwaaaaaawaaaaxiAOMOxca*«w'«taax.a<noaoxaaa • 
;Haa»ox'iA«x««aaxxa«x«x«*owKaaaaa«aaaaa3xtrt'Xxaa«aa«aM«ootAO«xaaa*i 

1 . a ax* vjxnxx » » aaxQXXX* X xmaa aaaaxut xoxx irtooir.amaaaa a« «.x» * x* 0 ' ma aa ♦ 

iiaajr!r«-*rw»*o«rtr3xx»xx**ir***aa*aaa»«l ntr»oifl*tt4* *aaa**««a*xu*»naxxaaa ♦ 
.. •faax%*Qxa*cax«x:xxwawx«xaaaawaa». NOaiOnM »<•>«« a«aa«xxxx'i«:«a»oxaaa<t 

•jsaairrw^iixaaaaaxaaaaaaxataaaaaxa N «■ '♦•••>-^***3iea«aa»»*x*'^»waaRaaa « 

• aax*n«waaaaaaaaai«(a«*»-««i«iaax4>« a •••* <!>••>• • • m— «. ttaaaaxaxxxo«nxoaa* 

I • aaxasoxxaaaasawxaaaaaxaaaaaxMMi ••••••••••11 •"<»«.«4.MvaxaaKaazzii xaa» 

I ttaaxxxxaaaavaaaaxaaaawawaat-M m ••• ♦•*.• *•• «*• Mii.»«KBwaaawzBzxaaav 

« aaier>*a«aaa«aac«acaaaw*aaa*>«>M«.<»t • M •■ ••HK^-aaaasaKazxzazaaa** 

• I ••aaaooxaaaaaaaitwiraKKavBasxxii •»■**» !•• 1 !!••••»» KaaaaaaaaaooxaBa t < 

Ma«aKx«aiaaw*w<«K«*wK*««*<«K*«axiia~<»4><»M •i»K«aa««aaaa«xo'«aaai 

• ■ •>aaaxvxaa«xzoxax««aaaKaa*aBC’mxwzii4-»«Mi«aaaaKaKax«xxxBxaaa I 1 
I •**>awx*'xax*zza4faa«aBa«aa«*aa«aKaa««»aaaaaaxx«xa««aor>xa«i« • 

• •-aBXZozzT'aaaBcaaaaaaaaaaaxBavaKaxxcaaBawxxaaKaaxza'aa** 

I •! iaaaazx3;aaxaaKaaKaaaawcxaxaaxa«wa«aaaaa«xaaaaXToaaa» • 
•♦aaaaoxaaawawwaxaxaKvxxxaiexcaKSKKvmmwMiraaazzoaaai • 

• aaaaxxaaaexaaaaawxaxaaaaxzxaxaaaaaaaaaaaaaxzooaaa^ • 

I I iBaaxwxxaaaaaaaaxaxMaaBxxzxcxaaaxaaaacaaazocaaBii • 

i H ••aaaxoxxaavaaxwaataaaaaaoOKaaaaaaaaaavaxdzxaax I t 

I ■ i*aaaaazoxMMMaaaKaabaa« awxxavwKaasaaxxaaxoxaaKB 

till «'aaaaxxi»-«*x*xa*a«aaBaa«xKaxa<««aKaaa*zzxaaa» 1 

I I • aaaaaxTMioxamaaaawaKaxzxxxxaaKaaxxoxxaaa# • 

I I ••Haaaa'xoxiQXwaaaaaaaazxxaaaaaawaaxxaasa^-i • 

• • •• >aaaaxz«oxxxMXXXKXxoxzxxxcxc3z«aaBa4> I I 

t I Mf •-aaBzasa j:zzu3X3xsxoxoas*zxxaaaaaa *1 

• • * Haaaaa3xxxoo£XCxManxx7aaaaaa<t'«> 1 
III *11 «atts«a*xa z xxaxxxaaaaaaaai •• 1 

III I • I I «'aaaaaaaaxxaxa»aaxa8» •• 

• •tills M aaaaaaxaaaxxam-m • 1 


Fig. B-5.20(a) 


Computer Output. 



rcfJM*6« CDUfiO MCTUKEHPIC. M"PIC. .4«*((GLE.. IDMRAIC MKP. iK»* llCMl Ii9»T.04»p.«trt.0ir»P.#PEReHT.1 0.«0»»» 
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• t ■ . .11 • • 

• • I I I t •• • » i •• I 


• • • * «ai«ai««'»«jr-a«4ic«a'«ta««'Kias(a»zac«»a«a««a«t» • 

• . ■KMavx3K«s.aBa;a»K«»zx*««;«aKan:a»:X*v&a:a»aBai-( •• • 

• fi •*«tt«axaicxa:o««;vsaEiMixx»xs«a«««;aMEK«ac«KZZ3rx3r»«««'« .. 

Ill I 

■ .aKaaaz£mKaiax»wa«a»(aaBazxaMaaaaaKaa«a«acaaa«Kaa«-i . j. 

I iT«>«a«M-nvca««acxar«iaicaa«iBa«'«a««««aaaa««aaca««aaaaaB JL . 

• • •••BaaxzozxaaKK«xvzBaaaaaazxza«««aaHaaa«aa»caxzoaaaK«> • • 
••aaaazzxxaaaaaaxxwaaaBZXzaaxMKaaaaaaxaaaaaazzsazzaaaMi 
I •••aaKBZzxzaazaaaxxaazKzwxaxaaKzaaaKaxzzzzzMcazoiaxazaB^ • 
i ♦aaaxz'^xxazaazaaaazaaaaaxxazaaaaazzxazzoaaaaazzxsoaaaaa 
I *4'aaazozv3XMazxLaaaa«zzzaazaM«azaaa«aaaaw:zxx»Kxaaxz«ex«aaa 
•i>tzaax3U3zxxwzmzaaa«z«zaa«a«maaa3xa«atazi«ax«ca>«axwBZXzaaaaa. 

• aaaazzxxxxazaaaaaaazaaatzaazaKzxzBBaazazaaaMixxaazooozaaa • 

I I aaazaaxazavczzKaazaaaKzaaaaxazszxzwaaxaaxaaaaxxxzouaaaaao* a 
•♦KazQzxaaxaaazxvaaaaaxawKaaaaaiazzzozaazxzazKKaKaxziozxftBa'^ a 
.1 oaaaizxxzaaKvzaaaaazaaazzaaaaaaMtaaoazxwcaaaiaxzazxzOMazaBa^ 

I aavzxzzzzaMcazazaaaaaazxzazazaaaEazzozzaMzataaaxxzzzzooozBaQ a i 

• M.aaaxzzjaaaxM'vwzaaaaaaBNtxziMMaaaaaaxaxzOMxzazxxzaxxiaovioxzaiaa •a 

«i aaziAoxxaaxxzxwKzzaKXZZMMiaaaaaaanazaztQOiooxzavaxaazxxi'tozoxBaa*^ • 

M aaaoznazxxwxxzxvxaxxz'MzaaaaavMaazaoziOzzaKX'aaaaaxoOMOzzaaaA. . 
•raia'«z«)zox'«zx«ax.Qxxxzxx«azaaaax‘Axnxxoooxwaa:»iaaaKaxaazzozB«a«'X 
aaarx>..4nuixoanz-a«xxaaxzx««:a«aa«aar>rK>iftr}»>«*’ x*»««a«awxxw»zf»io*»aa«» i 
..aaatBTzQXzxaxaxxxaacMxxxazKazaca* ^cxoaHa a^attazzaaaxxzzwztozozBaajt a 
a H w«xnnaxaaa«i<«xaxaa'«Kx«aawaaxA 4>a^N ^♦••^••‘^(oaaaaaazxzxnanxxaiav a 
MMa'»a'nzMaiaaa«aacaiaraiazzxaa«KBa4- a M*»MA«*«>a a •■aa.Baaazmzzzzzinxzaiat-t 
a a aazzozxxaaaaaBazzaaazMczaaa* a ••••■ms «4**>.a a. ••4>axaazxBaaazz(oxaB*-< 
a toaazxzxzazMKa«waaaazwMXMaa«'a a MtAMt-a.! • ••aapiaKawazaMZtozxaataa .. . 
4'aaa3z«K«««««iaK>«z«a«ziaz«aw«' «■•••»••§ MB •a ••••a'^aaawazazzzzzzaaza a a 
a a Mza«zzXB«xaz«»cacaKKxza«atzaxza<a>>t»4>t ta«p«>ai-4rzK«aB«aaMOoaaa:aa a 
a aB«sz'*««K«'<«z'«Miaat«BZBBa«BB«BwBBB»^*>‘»»a a»xaBBaB>aaciaBa)xazBBa a 
a a I •BBBXXXZZ>«XXZZ«ZZ«aCBZKacZBXBZBXKXB-»«««*>-<«BKBXBNiaiXBZZXieBBBa I 
a «W«BSKXZXXXZ«WZB«1IBaB««ZBB««BZatZBaCMaaiBBBBBXXX«ZZa003BBBa • 

I aBBZXOZZXZZWKKBBZBBatBBaKZacBBZXBXBBXZBCBZWZZZZZXXXZZBB** 
ail •BBaiXZZZZZZBBZZBKBBXBBZXiaBZXXXBZBXBBanaBBXBXXWZXOXBaa^.* 

•* BBB«C-)Z«IBKK««t«ZZZ«iaiZBZXBZa>ZKBa:«EmZZBBBZB«ZXBMZZXacBB— • 

aaiB««zxx»KB««««Bxxxxx«)a«zzx>ax«<B«««BBBBXzzat«zazBaB«> • 

I I ••BBBXV3ZXXBZZZBZZZa;aNtZZBX«ZZZaaKBBZBKBBXZaZZOOZBB4- * 

a w ■4-«aB«ozx«aBa«zxaxM(M(B«azBBOO»cMBaBB«BB«(wzxxoxaaaa»a 
I a . •• BBBxaxzziMwtKBZBwBxazzBBxzKBBacBBaBMZMcazoaBaBa 

a a a I •'BaaaTzozzzzxzBazaBBBxzzBBxaBKmBBwzzzzxaaBMta 
a a a^BaBBZzzvs^ozxBaLaBmmBBBzzxazxBBZBBzxozzaaB# a 
I a <a>'*-KBaB'Baxc sBBBZKBaBazzBKBacBBaxacarxaaBB* a a 
• a a ia» aBBBzazcxBzxxxaazxoBzxaacxoxxzBaBBfa a 

a a •a^a-Baaaaxazzzvoxozaxzzooxzxazxaxaaaa a 

I I •*- •fMBaaaiszzaioozaooMaotozzzauaBaaa^a a 
a I a a wa«»akaaaax«xvxza»xaaaaaaaa a — a 

I a a a • a ^laXBBSmZBBXZmBBBBBBBX*^ • • 


• a a a ••a-a‘»H»-<*»4»» a * 



Fig. B-5.21 (a) 


Computer Output 



1 OH 


» 


I •»a«««S ««3 T«««CBCC*C «««■'•«« • • 

• • • ■a«a«Jczac 3 a 3 < 33333333 a 3 Bjr«aa««« . 

• aaaaaa«"««E«Y«<«cx 3 « 4 »«a«B 3 n 3 xacvaaaaaai 
• aaaaxzaKWMaaaawzxaMaaaaaozaaaoKX-aaaaa • 

• • aaaa»- 333 ««««««a«x«a«aa««««i«aa««cz:ajraaaa • 

•aiaaazxccocMaawaxMXxxaaaaaaaaaaaaaaoaozaaa • • 

• aaaaxaz c«x z ca«a« zz ccaaaaaaaaaaaaaax zozs zaaaa i 
. HKMaxczxaaczzaaaawXKxczxaaaaaaaaaawzxzxxoxaaaa . 
•aaazn 3 «aa«K«zz«iaaa«c 3 ««zz«aa««aw«aa«« 4 iazz‘*)*'aaa • 

I aaazoQawaaaaavzwaaaazzMMXzxaaaaaaaaaaaaKMXOOxaaa • 

• aaaazszaaaaaaaMZMaaaaxxaaazrxaaziaaaazzaaaszzaaozaaa i 

• aaaxcowaaaaaaaaMaaaaaarzwaaaaaaaaaaaccaaMWMMzoccvaB • 

I aaazaoawaaaaaaaaaaaaaa^ZMaaaaaaaaaaaxozaaaaaxxoazaaB • 
iBiBZQaooxaaaaaaaaaaaaaaaMcaMaaaaaaaaaaaooxaMMaaMCCOXBB • 
iaaasooooxMaaaa«aaaaa««aa«aaaaaaaaaaaaazaaD(zxzaxa33ZM l 
•BBZOOzzwxz»«aBaaKKzaaa«aBaaazzozaaaaaaaxaaa(MMZXccoczBBa 
I ataazozwaaaHtaaaaaaaaaazzcazaaaazooazaaaaaaxaaaaMisoaaazaaa 
I «azao»'aaa*«aaaaaattaaaaazzaaaaKzooozaaaaaaaamaawoococzBa 
•aiaz3ZMaaaaaaaa««vaa«a«a«a«aaaaaxooozaa«aaMt'«^<«(i«wo3000zaa 
RaasoxMaaawMtaattaaxKaaakKaamaaaaaaooooozaaaaazzxzxooooozaa 
zazooxizaaaMztMaaaxzaaMtMfzMtazaaaaaazonsoazaaazwzzzonoooazBa 
aaonnxMiaxaMtxxMfKaaaazzzxaaaawaaaaaznonoozzaxaxaxxncoeccaa 
BazaaaaNtMkMZ'azztz^’MMXzzwzaaaaacaaaaKOOOOzaa'rcaazaxoaooaaaa 
aaxnnoonoozzxx9?zzxnoxaxKaaa»aznxnnonQzaaa«B'<raaawnonnnzaa 
aax“ii“ionr>r»c»f»r>*xBj«BxznBa«wa«a«zor»3n'n'a»»M«B*a«*B«a'«s»'nnir»rsnzaa 
aaznoozwMxzzzziaaawxowataaaaaaz »«ooou?M*>nxarBa««tBwxoaooooazaia 
aaaoaoxa a BMMfxzzaaaBzxaaaaaa^; ♦aaaaazoznrsonrjrjzaa 

aaxnooMMaaKBwzxaaawxzwaaaaaN •••••>•••• M>*M*.MM4>aaaazzzaznoc30zaa 

BaizaaaMtaaaaaaMZBaaaiazwaaaaN •*•••••«•.»« aaazaaaaxaaaxaa 

««axocwaaaMwaaMxMmaaawaaaKNo**-*«~>*M..MMMM~4.xaMMaaaMxcoozaia 
* *r aaaa aaaaziM a •Mzaaaaaaaaa 4- H>* <•«•••» •••••••• ..mw aaaawaaaiMznooxaa 

taaaaamawaaaaaxa^a — a ••*••••••••- ••4-aaaaaaaaaxoczaaa 


laaxooz 


roxxaaavwawxazixawaaaaaaaxa-t-an ~..«.~*-axaaaaaaaaaxnoza 
axoxttaMCMzozaaaaaaaaxaaaaavz.aK't'tt —MHaaazzxMzxzoxooxB 
««'oaxxz30z>«««M«wazt«aa«aax«-»«zi««4>-*>«a«BKxazwzxxx03xa 
aaxoocooMiwaaavzaaaaaaaaaaa^: •KKaaxzaazwazzzaaazxccxa 
aaaxaoaaaa a «««»««« waazxxzta rrzaaaaaaaaaazxaaaaxoxaa 
• aaaa'noxBa:aK«awac«aaxwa«xxzv> TaztawaBztaaaxxaaawonn* aa 
•aaaxsxaaBxaaxxaazxaaaaxzaxxaaaaaaxaaaxaaaaooxaaa 
I aaaxczzwavaamawxzzavaawxcoQzwaaazaaaaaMriHMCcxaa i 
•aaaxaaxaaaxaazaMaaaaaawnoxwaaxaaaaiKaaaxsozaaa t 
■ aaaxxcxxwwxzxaBBZzaaaxoCMrawiKaaxaaaaiKXOOxaaa • 
•aaaax 330000 BazawaBwaBOOBBax bbbbbbxxoozbbb • 

■ BaBBxxocoomamBKaaBBwoowBxXBBXBBXXOOxaaB i 
• I aaaaxDaozaaaaaaaaaoOBaxxaaaBXxoz'zaaa t 

• • aaaxxxczxwMwwMBNiccxcczxxxoozzaiBBai • 

• azaaax 330333 =xx 00030300 xxraaaaB i 
I I aaaaaxzszccccccoccz9>xaaaaaa I i 
axxxxxzxzTaaaaaaaa • 


• I la 


Fig. B-5. 21(c) - Computer Output. 


€Wa51*f.4 Pcri§t*64 coded PICTUKEHPXC« 44NPIC* 64MMGLC*. l80»IR4f« 64KP« JKII* 3tCK«lt&9RT«eiirMOtHOs9IftPcepCflCNT«t O.OOOOO 
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■ aa 4 >«>a • 

• a • a • aKVBBMMaiKaKaiaiaiaisaaBVVMaiai*** 

• a va tt«s««aix«««a>«««r'aijc««iB*B««««««a*«M a 

a. a a NaaaiaiMaaaasvaxxaosaKSiKBKOsavBaitaBatvBa^ a 
a a a ••««aBi««««««aaa«<«B:.'B«’ar jncsBMvfrxat jr t 
.Ji •araaaaaiacaDvxaiXMacaiBacarKatataKaiicwx'XxacacacvoxaaiBaiwa aa a 
a a a a a«aB«fliB«<A.a««ar«i««a«'aai«i«««««.i«'t;«««wc«itt'«««aai«» 

• • *<«aE«aB»«:aaxxx«XM:«:watxxx«iaiac«iM«««aK«tiKai«M«;xaKXx«B«aaaia ♦ a 
a a aiat«aa«xxxxB««««««'«* «« cxxxww-avxaaxBXzKxxBxaia ««' * 
ICHXiaiiBxziKXHMixxxaixxMixdBxxxxMixttaaakXKXKKXKabaixxxxKaiatto ..a 
a •••.•••■•xaexxfliaxxxwM.xaxxxxjaxxxxxxxxXxxxxW'M'axxv'XxxxM a 
• a •♦•Kai«w[xu33KwaiaiKiRXXXXXKH«xixiacX]tcxMc»x:ar«aiKKaMatiB«WA»xxxxKK»-i>* • 
HMWXXzxxxaixaiaiXXXxaKaxxsxxxxxKaaxxxax'xaiMcxaiBxaBx-jaxaxaKM. 
a ••aaawiCXXXKBKKXXHXXKXXKKXXHtXKXKKKVKKXXXXMXWXlKjacxOOOXXaia • 
a 4-waxixxH xxKaaaxaaaaxxacKWMxaKxasaaxacxxxxxwaaKxaxxaxKMK-* 
a a i-aiaaoxcoxaaaaaaaKXKKavaKawwaKaaxtKXKaaMXXWMwxaxxxcxaaa'a' 
a * iMxa xaoxxxxxKaxaaKKxxxxxxxxaaaxaxaHaxxKxxxMXxxxxxxiQaxaa 

HaMxxxxxxxxaXKaKaKaxwXKaaaKaaaKXXXKawKaaaxiaiiixxxaxxotQMaaK 
I a MxaxxaxxxxawxcxaxaxKaxxaaxxaaxxooxaBMaaxxaxxxavxxxxov} Baas 
a «-KnxxxxxK«axMKKaKM«K«K««KK«»KKaxxooxMaxxKMKKax«xaiocxxaa 
•xxaaoxMxaxaKaaaaxaaxaxxxaXKaaawaxosxxxxxaxMXXxxxxasooaax 
MaaaxxaaaxaMaKxaxMaxKaKaaaxmxaaKaxoooxaxKaaaaxxxaxooooxaa 
. .♦«axxxxM<»«x)xaxxMx««a«N(«xxaa»xa«««ci«aox3vix«x«Kax»xxoMMOoxa« 
a M xaniAOxxaKKxaxXKMKwxxxMwwwvaxaxaKaNxMOMOxawxwxMax.OMvixoaaa 
4-aMixoxoaxxxMaxxxxxMtxxxxxaMxaaxaMXMXOxMxxaKxxxxxaxaooxnaaa 
4>«««»irtoxxx*x»a»ax»xaxxa»«*«««x‘x*oxxoqoxawm«*x«x««x**oo*«» 
*«sxxi/t(AnxxQ‘*:x'xanx«axxx*«a««aa««iAr>oMr»if^4.xa««axaxxxxr>oonr>>»aa 


xaaontAXxawwMXMXaawxxxaawKXXiON n ♦» ^♦•Tjih ♦«>aa«ax«xxxxn«oxxaaa 
■ maonxxaKaxwaaaawaxx.xKMwawx^MM a « ••MMwaaaaMxxxanooaaMx 

■aazaxxKWMMMaxaxKaaxMMixwaMM M n a a • *>v3x«xxxaxa«xo(oxaa« 

KVXxxxXHMKaxxKxwwaaxMiaxMaMaMii M^a a ••••a.a ••••m Rxaa>M«xaNixv3xxxaaii 
♦'atwnoxxxaaaaaxxMXxawaaKKaxa »'a a M.«kM>a *8 •■MaMxaaaxxaaaxno’Rxaa^ 
■•waa[)azKKKXK«KKMKK«xttMaca!«xxxao4>a ♦« a •tn m t—m h 

a owwxxxxwxaaxxMixMXXKaaxwaaaaMgBOxa ■ ■ ••••ai-iaaawaxxxMxaxoaaaxN 
^wxaamixxaxMaxxMxaKxxaxvxxaatKKKwxxaa-N-t-ixaaKXxaKxaxxxiocaaoa 

a *>«««>axxxxxxxx«wa««xx««xw«xa««««aaaox«««w««ax««axx^xwv<«-'t 

a MKtaxxoxKxaMxaaavxaaaxxxxBrxKXwaxwMxxaKaKWMCXKXMBxxxaaM 
• I a xaMXzzxaxxxaKxxxaaxaxxxxxxxxKHaxxxKaaaaKXXMtxxxxxan a 
■MtranobnxnntKHirxwwwxMatiwaxxxMX'Raxvaxawaaxxxwxarwxnxaaaa- 
•-•ttaaaz-viaxKKxaaaaxxaxxwxaxxxxxxxaxaxvaxxxxxxxoxaaxa- • 
a a ••♦■KxxoxxxaxwxxKXxaxwKKxxaxxxKwxxvxxxaxKxaxxcxxa*-* a 

**«.ttaat«;oxxMKa«K«««MtiR«a«aewM(OO«M(xxMX«K«axxx( 0 x«aax«* t 

a a I . «»^Ka»mxxxxxwxxx«XKKa[KaacxxxwacMXXBMKKM(XM«xxxataaM 
a oa a «■ waaaxxoxxxxxxacaxwaxKxxxwxawxaxaMXxxoxaaxx a 
a a NMM»xxaxv3v:xx«K«xxxttxwxxxMxxxaKXKXxcxxaaM* a 
a '«>»-4MiaaaaaxoxxK«x«x«xMixxxxx«««<MXxaX3xaa«<-« •a 
a a • •• a'XWKMwxcxxxxxwxxxxxaxxxvaxzxxxxaxaa' aa 

a • •*-*-4X«xx«x«xzxaxxxxxz3o<oxxxxxxxxa«x-*- 
aa •^•-•xaaaxxxwcxoxxocowJOXBXXKKsaxa M a 
a I a axxxxxxxxxxxxxxxxxaaaaaxx a a 
I a a a a — ♦ Rxxaaxxaaxaxxxaaaxxav)** • 



N 

< 

X 


Fig. B-5.22(a) 


Computer Output 





rst**# joofD PieruRE'ific* ii4«pic« 64»ftircLE« ijobrat* asbicp* 3 kii* JT;R«iis»#ii4««tiir«®iifD«®irip»«pER:iiT*ie,e9oeo 



3K3ai!>3333Kta3333 Kcaiainfliaa » • . 

• ■■vaav'V'jr ««««<«[ 333 ««x-r aiataajiia i 
. laiMaaixsrxaxaKaaaMaraaaaawMaoaxxaoxarMiBaaa • 

• I aaaa*.333«aaaaaaa*<«aaaaaa*<aaaaaaa Jta «aaaa • 

I aaaHxaoeocaaaazxwxaxaaaaaaacaaaaaaMixacxvaa • • 

• aaaa*a**a*»*aaa*«a*»Jiaaaaaaaaaaaaac*3«3*aaaa • 

^•■■■xoxxaaxzzMmaawxxxczaKwaaaaaaaaaMzxzxxcxaaa i _ 

• aaax^ocaaaaaiccaaaaavaca caaaaaaaaaaaaa^iaxanraaaT 

I aaaxcoxwaaaaaxzwaaaazxwMXzxaaaaaaHaaamawwxooxaaa • 

• aaaazozcaaaaaaazaaaaaxzaaaaxaaacaaaaxzaaaxxKDOOzaiaa • 

• aaKXCOxaaaaaaaaMaaaaaMXwaaaaaaaaaaazzxmMMWXKCCOXMMi • 

•aaax330M(aaaaaaaaaaMaaa«swaaaaaaaaxa«x3XKaaaax«03ZB«a 

• aia&occoxaaaaaaaaaaaaaaaMaaaaaaaaaaaaKOOXKaaxaxooox 

• aaaz3333x>«(amaaaaaaaaaaaaaaaaaaaa«aaaaa3aKasxx«x030xaa 

• aaxcosxiwxzmaaaaaaaaaaaaaaaaxxoxaaaaaaaxaawwMXXZoocxBa 

aaaz3zaaaa4iaaaaaa«aaaaaaaaaaax30«xaaaaa«xaaawMX3303X«ta 
BMXOoxaaaHaKaKaaaaaaaaaaaaaaaKZOOOzaMaaaaaaaaKXOOOOCxa 
aaixosMaaaaaaaaaaaaaaaaawaaaaaaax oooxaaaaaMaaHtMaoooooxa 
aazcxwaaaiMMaaaaMaaaaawaaaaaaaaaxcsooozaaaaaxxxxxoooooxa 
axooxMaa awcx «*<aaaa aaaaxxMaaaaaaaaxOOOOOxawaKwxxxonosnoxa 
azcovM(aaa:axxMaaaaaxxzxaa«aaaaa«axnooonzx«xayxxxoooonaa 
azoooxiiiM(ax«i<xzMi'M(N('«xzx'«a«««aaaaa«:aaxo30x«ax«taax«rx333C»oaa 
aynoanooaxxYxv'xxxooxaawaaaawxatraoonoxaraaxaxaaavnononxa 
a»-.r»onr»ooao**X'<*aaxxxaa«aa«a«*or>r>P»r>'v»w»*«aaaa»«aaa*3nnr»nxa 
axoaoxMiMxxxxx»«aai«(xOM(aawaaKa'4>ti«i>oOMM*«Ma«a«aaawxxoooooc»a 
axnonxa wa-«M«xxxaaaxxxaaaa««>«-M«»MMM mm •*.aaxaaxOxopnr>r>oxa 

axonnMMaaaMMXXKMKMtxawaaaaaiiMM*. mm a aax a xmx anon xa 

axo30MiaHaaa‘«wxx«awaxwaaaK4-MMMMMMMMMMMMM4-vaKXxaaaxo30xa 
aMxacMaxaaa’MaiMixrMaaawwaaMx 11 MMMMMMMMMMMMM<*>aaMMaaaMrxoocxB 
aaxnoMtawaaxaataaaaaaaaaaaw^'nMMMMMMMMMMMnaaaaaaaaaxnnnra 
aaarocXaawKaaaa«aMaaaaaaaa«a4'M-i|MMMM..MM«.«aaaaaaaaXOOKlia 

■ aar3xxKaaa<««tw:aw«wawawwaa«a«r«-»W‘«>**MM..M4<a«waaaaaaaxa09’Ma 

■ aaa7CX«aM(M(xoxwavaaaaM«aaaaaa«aK4-H MM^'aaaxxxwxXxoxOOzaia 
■ WMTOOXXxnos <«a«waaaaKaa«aaaaaaa««4- «•««««« xaaMXXXXnoxaa 

• aas'OOOOzxMi waxaaKaaKaaaaaaaaMaaaCKaaaaaaaxxKKaaxooTBta 

I aaaxaooxaaaaawwamaiWwaKXxaaxxxMaaaaaawaxxKaaaiXKDxaB 1 

• aaav nnxa waam wwaMxiMaaxxxxxxaaaaawawaaKawaaiitannv'aa < 

• aaaxo xaa aaaaaaaaxxaaaaxxoxxaaaaaawaaKXaaaanOTBaa > 
iaaa> csrXaaaawaaaxxxaaaaaxoxxxaaaaaaaaKaaaxooXBa • 

• aaax30xaaaaaaxxaaaaaaaaoox*<aaaaaaaaBaax33xaMa • 

• aaa:k.&:Oxxaaxzxaaaaaxaa«cCaaaaaaaaaaaaxcoy aaa • 

I aaaaxnooonxxtawaawaaaaooaMaxaaaaaaxaon'raaa • 

• aaaaxxoocoxaaaaaaaaaoxaa;zxaaaaaxxoox«aa 1 
I • aaaar oooxaaaamaaaaooaxxxmaaaxxoxxaaa 1 

• • aaarxzCxxaMawMaaooxzcxxxzocz^Laaaa • 

• a»aaa’r:x3 30 3oxcx3or:i30333xxxaaaaai 
• I aaaaar xxxoccocoocczzxaaaaaa t • 

n maaaaaaiTxzxxxzxxaaaaaaaaf 



Fig. B-5. 22(c) 


Computer Output 


rcrJS«S4 coded flCTURtnplC* ^4«PIC* MliAMCLE*. tOONRAf* 64lCP« «»■ ilCMa|lS0itr«DIIlP«91HD«OlftP«9Kf^iTM»«dft9S§ 


'III ••*•«»#«•••<«.♦ M.» M • t >• 

■ I ' • « 

i I ' I M ««»'*''»» j)'»« M • • 

.• I * «» « jt«i«xr»'at4K»ai«i«iiii£'i) • 

. .. ••iAMaiiitiii«)«iaM.aD.a:w«i«M«ai««;«ac«iK«3BX«)ik(>K»:KiieMhiittH«i«v)a « i 

.1. •:■ 4.»K««dDwxirK«]«««;K»«x«;Ma«wKiR«KM«cwicttWai«iKx:3ia:aK««(ai|iQi» • 

_ ' i.vaiaaci'igijcac'siHiMiafc'MxwBtvtWK'CixxxKiiiicMKKHicBCBCiKaifliiBedattaacaciiMaiQ • ■ 

t iiMiiiBiattiexaewiBiriiwacMaiMiKRCiikviKaciwMiKiKKvtKaimiKMafXikAMxiBMtxw'XOOKiMinwio • 

■ «w«Bixx<o«K«««'aaci«iK«««aiaa«ic«K»X'«iiii;Mig;«aiM«c«iac«;t«x:«MC]B«CMiH«i:X'aKXaBiC'Wi«-t 

• • MHMxxxooaciitiBMaiaiaivflevKvatwar — 

•» X » « « o o « ** w X « «c a> «t Bt « K IB s « 

• «0'nrMxxxxx)a(XiKx«ii»ai'a>a«ta>K«K«M - - ■- - 

■ I HXfliWBBXXXXXXXXXXMlXXMXMXXaXBIXXMXXXXXMMIXMlKXaXXaxataBMKX^ 
f* IK»WXXXX«Br«XKIIRXX«»VM)«rK«««MV»X««XXOOXMa«XWarXXKMX«XaiMw»»MWfv > 

• XWXX'WXXWXWXBlMWXBIXBiWIIItXWXXXXXMWMIiMXCaXXXXXXXIKXXXXXXVOOQOAXIliMlJ 
MVKKMIXXaKMWXnCMXXa: «■>«■« XMailKMCXV KMX XWXXM'QOXXHitMXiadMtXMK'n'XMWWIX'OOOOXllIBBV I «. 

j.»M«XVX«MMM«MWMM«MHMM«M3i:MM'«lKMMMMMMlXMOatOOWXMMM«tM(nX«»!«^OC»3ll!:MaiMlM..|l J. 

■ ♦MMMOXXXMMWXM’vaCMMMMMMMMMMMMMMMKMNrMlinXlAOMXMXMMXMXXXOMtnpsrWMMM ». • 

. iii.XMMOXXIIIlMWXXXXMMX'CMMMXXMHMMWMMMMMIIIMMaoaitXXMXXMMM.XgBXO^QOWMlMM'll^... 
jf A***!tlMOTn»X‘*MMMMXKM«t«MMMCMMWMMMMXM‘«XXXaQa:iM«liirM.i;«;MMMX«;MOir(nMMM*.J. 

XXMOnxOyXMlKWICMIiMtMNBMMWMMBMMMMWMaa* H M miwM *• H 4 M •*<4> WMWXMlXXWMMnnMWIIIl/l * 

• • ||«»l«e«OXXiCWMMMMMX«MH«XXMM«IMX(04>»M*«M<Mi**«**.*i.**M.*OXMaiXX«WMIIB«O«DlMlMaiU) • 

• X«Mta]XXMWtM«i:HKM»XXlllllMMM(V«««MMN ■ •*•••• | MMXO'OXMHM M 

• I » MMMKXMKMMMMMKMMMMMM'MMrMMMXtO* «-•-•*••••• i'^XMMMMMMMX'MXOIKWIMM •> 4 

• • MXMMXXWMMITKMKKMVMHMMMMMMMMilKMD*’’*'##' • N ieWMXMXXaMMMXOXMMM'*' • 

4 OMMMXXXMMMMMXMMMMMirMMMVMMMMXMxrN 4.,ll II MWMMMMMMMMBBXMWMMM**. 

■ Mt-iMWWCXXMlKMXXXXMMHKMMIKMXXMMMIBMXXanM# 4> M « IMKMK XMMMMX* X XpMMM X I 

• 4 MXMXXXpMVXXMXWMWMWXMMMMMMirMMMlClVXaOWSnxirWMWlKMMXM'MMXXOMHWB * . 

•>H>«C«XXXXXXXMr«HXIBMKWMMMXMMKMir«MM««XXKMM««MttMMMMXMIVXXl||iM4« ' 

4 • .«vXttM«XXX«:MMM««:«««CWMII!«CH«XM«lKXX«MKMMMMICM«M«M«IKiXMVXXMM(/3'4 
a M VMMMX'riDirMirMWWWWXMtntWMirXftMinMMMMMMMMMWWIKMMMMWX'BKXXiaiMX 4 
•ViMWXMXXKMWMMXWMMXVXXMMXWaaXMtieXiKMMMWMMMMXWMMMXO'VM'MM* • 

I 4 a » xMUtXXXXWMMMMMXMXCMMXirWXiRXX XXMMMMMMMMMMIKliiiMXXXMlMM • 
HiMMWMXXXXWMMIIIMXabMXMMMMMMXXXaBIMMWWMIiMlKMMMX'ltOt 4Q4H»M:ll I 
4 4 I .••MWXXtHMHXXMXXXXMKXMlCMKHMXXXXMMKMMMMMKMWMXXaOVMMOa 
• •! •‘-^MMWMMXXWXXXMMMWMMMMXVXMKXlIKMIlCMMMMlBlIIXX'iMWMMWI • 

4 4 II XMMMMaBXOOXXMMMMlRMMMMXXMCMnMlCMMMMMXXXaDilMaB'** » 

4 4 BUJXMMMMXXXXXliMKMMMMXXXMMflOMlICKMtXMlIOIVinMaaMMlI i • 

I I • I MHi»«.aiXM»XXXMMXX]4CXWlMXXIItXXII0KXXXXXMtM»MMMl I 
I * 4 <^M )«44MMMXnxXXXXXX«XX030XXX»XXMXMmM* I 

4 I •#^M4DIBMII4MXtlllMon%XXXaOXOXxaBilKMaiMl4iMMi/3« I a 
4 <• >iix«ai:MM«iMaiXXMXia)vxic««iMax«44a4«K«'ii 4 
• 4 4 «r| |t« OKKIiMaBMaiMMaiMMMMIKMMNCacpil 4 

• 4 1 In »i Mh OXX«««»MMIKXllB«i«X3>^<Mf 4 

4 4 4 «♦* ♦♦4 


4 4 


4 4 


• 4 


Fig. B-.5.23(a) - Coinputer Output. 


Kill* -KllAt* HCRil3R» l^ilQntmonm 2,6I545MPIXCI.» J3D«liPlJtEI*«* aSiasRlIIll* -I4,094lltRilR** t4,#4n2eRi«l«. 2,44|9tiilli2M 3«IS«)S 



HW!S4/l5t,t4 r€4Xi4 CCSCED PICfUR£m*IC* 64MPIC* S4M4RGLE* 200»lRAf« t2eRP« 3K»» iICP«t ISORtsOtMPs9ltfO»§rPiPs9PtRCt(T«IO»O9»»0 
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I -••.■■aaijioa 

♦ at H tiiK c ac ae ar X 

• aaaajczx xx« 
♦aaatfizxxxaa 
• 4>aaax3x«aaia« 
accoxwaKaa 
MaiMMaxaxxxawav 
• ♦aaaaccxKaMKMa 

••Ka(K.X OCX KKKV MIRK 

Marat ac D X s; s xxK ««« K 

aMKCCXXXXMCMHKMa 

aatx o X ’Kmmmmtcmm'mm 
a oc X X X K H M at M M a at! a* « 
axoxxaaaaraMKaaM! 
axxaMaaaaMKwaMa 
aaxxwaawMCXXcaaa 
r ocxataKMxxxxaaa 
ar>ox«xxM(xaxarxMtx 
*roooc*»»*aa5»x*x 
rooooxxxoxxflaxxv 
r XQOxaxx wxxxwa 


■MaxooxKMaataaacaxamM! 
aaKaaoxxMHwaaaMCxxKM* 
•■MivxcxwaHaiKaiKKxaawati 
••atatxazxMaaaaaaxiMKa: 
xatMtBCxaxxawaacwMKai 
• «>xa>«xxxa«HK>aM(w«aca' 
t xxxxcxKxmxxxXMaai 
♦ atwxoxxxxxxarxxaa^ 
♦xarxoxxoxxMfKwww 
• xnaKaooxxxMwaaa 

♦ ataraBHonxxxa waawi 

• ♦waixMaaxxxHMHHi 

♦atxw «c 3e X a MX M a < 
• «-a«araixxxxKW 
I <«-MaixacxcXKX: 

• «>a»a»»axxxx: 
• ♦atMMMtnxxi 
■ •♦MxaaiMi: 


aaMaMcaax waxaxxaxaxcxaataaiaR'x # 
aiakaaaaxxx33x«aax590aKaaai«aiaa* x • 

MV V aa X irx vaxaaaaK a^coa aaaMaMaaa» i 
x axMaaiMMxxxxxaxwxxxxaxxa XKaawaiar > 

axaaa aataxxxaaaamxMxaiaaMMaxMaaaiaa X 

X XMWwxxxxxxicaaiaaaaMMtaaxx xxx » «m:I|im « x 
X aa aax a vxxxxaaaaaaawaaaa axcx aMataaaw 
:xxxKKKa(Xxxxxa)ica;aaivaa(ai«Mtwa3xxxxcaiai«x# • I 
X xxMaaacaaxaxx aaaaiaaaaaMaMawa a x aaitaia * 
mxxmmtmmmmxv.xxxKmmmrnmmmmmmmmm'xm'Kammmm # i 

aiM X atai at MX XX K« X XXX ar a xat KX xx«c acw » X X OCi O SKwai a X 

MXwacaaaaMXmaaaixMaraMHMiarxxMKMXXXXxCCXiax* • 
waMMMwaXMxxxMWMaaiMaMaxxxxwMXMKXXOQXxaia 
MKataaMaaxMKaaMaataataaarMiMxx WK wmkxxxcCM'XM •* 
wMaHaaaaatMwMaaaxMiMataaMMxaxMXX xaxxppxMia ♦ 
araxaaaMMMMaaixxxXaixatwMawxMKMXXKaKXpccxvaia *• 
aaaaaw«aaaaMaxC3XXMaixM!Mta»xxaxxxp5ppx.iiax** 
MaaaaaacaaaaaawxcccxaaMiaiaxMiMawxarsfpepgwax** 
'wwawaMaaawaiaaaMxpoorwaaMaxxMXMXxopOQXMiiai i 
HwawWMKxaaraHMwxxooooxwMWMtxxx XX XxpOOOaKMiM * | 
:MaxMx«MMaiiaxwaiwKX03PDxxw«xxxw:xxxoppDDXHi|ita i 
aa xxxxxatacMmxxaaax oooocxwx xmm Mxxoooeoxwaa <•< 
MxxxxxaaaaaxxxxwxxooxxM'xxxaMMaaxaoDpXHaa^t 
xxxaxMMMMMMwxxxxooooxMatataxxa xxmxooocxataM »• 
atxxxaaaraMMKXvtoaooi/iM* wraaiaaeMaairaxxoxopnxMlHat •< 
MX xMa ara «M XX *<«• a VOW) 10 <4> a <*> a wawaaixM XX ooooooxaaa •• 
xxxxxxMxxx«> a •MfH f-^-a <»fM>«»4.i^XBiaKXXx xxxxoopoxxxx • 
MM XXXXKXKK'*' *••*»«»«».••»«•••« ».«»»XXMKX X xxxx OOOXaiaiM 


aMMWMacaixM# xmxmxmmmxopO»«)X*< 

aaiatMaacMax* ♦•»•••«««•«•• ip« 4. xatatxaixatMXXOoPxxaf*' 
aatMXBrxMaxMXM4 M ■••a -••.mum •• a atxacxMXMXXXxpx XaiXx 
axKxaaixwKXxxxa M* •<>•••••• a a xaiMxxxMXMXXxax iiatai »• 

■ MXMMacMMXMKatxKxxa *••••» xatacK'Xxwxwxxx oxxaix 4 • 

a X at X M X « at ae ar « a a X K at X X •»« a X ar ana X X X X X « X X X> X O X « X *« 
axxxXXKXXXKXXXMXXMXXXXMXXMXXXXXMXXXXXM ** 
aMKXKMKKKXXMXXXKXXXKKXXXacXXXXXMXXQXXMa 
aWXKMXXXXXXXXXXKXMXXXXXXXXXXXXMXdOXXXa 
axXXXXXMXXXXXXXXMXXXXXXXXXXXXXXXpXXXX-* 
axKKXXXXMXXXMXXXXXMXXXXXKXXX MXXXCXXK#’ 
aKXXXXMXKXXXXXXXXMXMXXXXXXaiKXXXaMfixM** 
CXXXXXKXMXXKaX%XXXKM«MXKXaxMXKC>ai:MXX4 
CXXXXHXWKMKMXMXXXXXXIMXXMXMXXXXaMaXXa i 
C.OCXXXMMaXXMXXXXXMXXXatXaKXXOOXKMM 4 I 
a-jcooxxKMKMxxxNtxxxxxxxaixxxxxxxaiaiM4 
aXXXCXXMXXMMKXXpXXOXXXXXXXMXaXX 4 • 

axaaxxxxxxxxxxxOxopoxxxxxaiaiXaiai*- 
fxaiaiaiaixxxxxcxcoocooxxxxaiaiaiMai 4 • • 

••■^xxaixxMxxK'axxxxxxaixaiaiaiaiatBa t 
• •>«.«4xxaiaiaiaiMxxKxxxaiaiaiaiMX4*«i 
I a*-«aixxxxa«ax«xxaiK4<H.*«i 

• • a<»<Ma*«a-Mi 


Fig, B-S .23 (b) 


Computer Output 
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••■■■■••xjr *«*««*« «•»«•■■•• 

••■■■jBxxzxxMcvKsxxxiKacwaiKXxoarxzzc'acxMaaaiB** 

• -mmmMw-inM’KmmMrnmnimxMmmmmmmmMmmmttMitrwmmmmm • 
••mmmmxxaooaimmmmxxmx.xxmmmmmmMmmmmmmmvtxo^mmm- • 
*mmmmx3xxmKmmmwMKxxmx •*immm'mmm"mwwm-mmm*‘3xiixmm»m • 
•.BBBXOZXaCKKZSBBVBWXZBCSSXWKBBKacBVBVXrXXXXZCXBaB** 

«je K« mxmmmmmmmm rn-mmmMwxxnxmmm- 
—mmmxaaxmmmmmmxxmmmmxxxxmxxxmimmmmmmmmmmwmxxooxmmm^^ 
tMmmmxoxxMmmnmmmxrnnmmu mx xMmmmxmwxmmmwxxmTmuxxxoaaxmmM • 
•*mmmxacxmmmmMmm.Mmmm.m»mmx>tmm:m.mmmmmmmmxxm:mmwmxxoccxmm»» 
^mmxooxmummMMmimmmmmmMMmxmimwtmmm‘mmmMmm:xoxmmMmmxxo::ixMmm • 
•*aBTcooxxaEiBBaiica««SKai«KmBMi«tataEKKK««BXK»«xxxKM(MiBiBXzacxaB • 
•ataaxoooxxxxxxxxxxxxcxMXXxxMaiKKXxxxxaBxzxx'MsxxxxsooxaM** 
••BaxooxXMXXMcxiBxxxxxBaEsxxxaaiMxxsxXKxarKXKXvaiMtMXXXxOCCxaBB • 
•■a«zoxx««aM(«a«a«xxx««Ksxx««x«x33xc*««««xxx«axx33333«xBa • 
•aaxcoxaaaaaaaaaaaaBaaaaaaaaaaaxooozxaaaaxaaaaxxocopoXBa • 

. ••aaxaxwaaaaaaaaaaaaaxaaaa ««ni««a«*oo3x«aa*maaaaa*o3330*aa • 
avBaxxxaaaaMMKaamKwaaaaMraaaaamaaaxocooxxaaaaxxxxaoooooxaaM' 
•aaxooxMaaaMxxxaaaaaaaxxaaaaaaaaazooooozaKaaaxxxxoosooxaax • 
^axooxaaaaxixxxaaaaaxxxxaaaaaaaaaaxoooooxxaxaxaxxoooooxaaa • 
.•aaxooxxaaaxxxzxaaaxxxxaaxaaaaaaaaazorjoxwaxaaaxaxzoosozaaa .• 
.■aa*ooooo*oxxxxx**x*cxa*awa«aaar»x*»ooox«»»«axa«axonoooxaaa ^ 
•aaxrjonoxxnnxxxxataxzxaaaaaaaaxoortrsottjw^aaaaaaxawxxnoaorszaaa • 

.•aaxoooxxwxxxxxMaawxOMvaaaaaa'*' mwoqmn n .naxawaaawxzcoooocxaaa .• 

•aaznooxaw»>iiaxzx**axzxa*waa«^.*.«.«..M *a»zzxxxxoa3r>nrazaaa • 

•aazaozKaazaaaxxcaaMizzMiazwaaM 4>aaaaxxXHrxzoonxaa • 

•aaxQ3xaa«aaa«axxaazxz«*zz«^««**M«»^..iM...«.*.».*«— -4.aa«xxmzxx33axaa • 

»aazocMavzaazaxx aaazMwzzaKM •—.-.M^.fxawaazzwzooozBa • 

*aa«oo«a«a«Ka«z>«aaazz«aa«x«>H«***.«M«.....>»«*«>MM«aaa««a«azo30xaa • 
•aaxnzxaazaaaMzzzazzaazzazx-4- n-^H**-***— ••MM«x»zzza«zzxc3zaBa • 
••aaxnzxaMaxiMMazMwzzwazazzaKa**^^ -•♦wzazzwazaaxzoKEaaa • 

■aaazcz««>«Xzzxaa**«aa*za*a««a*ax-»'« —.4-zazzxzwxxxozocxaa- 

••aaxozxxzzxzxza«vz«K«vKxz«Kaaazaa4-4>««a«xx«zxxxxxzoxaa • 
MaaTCzcozxwzKKZKzzzzzzxxKKKaMtaazxxazwvzaxxxxazxzcxBa • 
•aaaxaazxaazxzzzzzaaxaKZX^KKXxxaaKaaaaaaxzxxxxzxazaa- 
••aaaxnzxwzKzwKZKMxaaaxy xxzxaazwwawwaawxzvaMczaoxaa • 
••BaaxozxzzzzzzaaazxwazaxxnzxaMaaazaazzTzxaazaxaaa • 
••aaasczxaazzzzxxszxazaaaxxzxxwxazazzzxaaaxacxaa** 

— aaaxozzxzazaaxxaazazzaMczozaKavaavaMt-zzMzoaxaaa • 
••aaar sczxMwxcxzzxzzzazKzowaawKzazKWKwxcoxBaaM 
•-aaaaxnzzzzzazaawaaaaazzw^axT^mmawMXZzoxaaa.- 
••aaaaxzocooxzzzzz zaawzzwaxxawzaxzocxaaa** 
•••aaaaxaaozxazzazaaazzxxzxazMcaxzszxaaa** 
•••aaaxz2Czxxwa>«w«»(Cz»xcxxxxc==:Taaa*-» 
xaaaaa sziszszzxxzoooaoazzxrxxaax.- 
•••aaaaaxKzzoczccoocozzxBaaaaa** • 
••*xaaaaaz£zzzxz zs 



Fig. B-5. 23(c) 


Computer Output 



Table C2 below is reproduced from Table (5.1) 


of Ref. [l]. 


Table C2 i Errors for the head phantom 


NVIEW 

NRAY 

As 

Erlin 

ERL2N 

144 

83 

0.42672 

0.1947 

0.0858 

288 

165 

0.21336 

0.0900 

0.0379 

579 

329 

0.10668 

0.0328 

0.0154 


We observe the errors ERL IN and ERL2N to be 

of the order 0(As), i.e., 0(1/R ). 

c 
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APPENDIX C 

The results summarised here have been reported by 
Herman [l] for the reconstruction of a head phantom. The 
sampling and the optimality conditions were satisfied 
in that study. 

Table (Cl) is reproduced from Table (5.1) of 

'^Rfef.[l]. 

Table (Cl) : Efrorii for the head phantom 


Window 

ERLIN 

ERL2N 

H99 

0.0406 

0.0913 

H80 

0.0465 

0.1159 

H54 

0.0558 

0.1544 


ILgure Cl shows that the errors vary almost 

I " I 

• linearly with respect to jw (0) j . 




